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SOUTHERN APPALACHIAN GRASS BALDS 
By B. W. Wells 
Plates 1~5 and 2 Text Fios. 

INTRODUCTION 

Scattered at infrequent intervals on the high ranges of the Southern 
Appalachian mountains are local openings in the forest, the central 
areas of which are dominated either by a shrub community or an her^ 
baceous grass or sedge community. All such openings which, unlike 
clearings in the lower mountains, are relatively stabilized or permanent, 
have, from the earliest historical time^, been called ^^balds.’’ Those 
which are dominated throughout by a shrub complex, with grass or 
sedge confined to cattle or man-made trails, are shrub balds (if compact, 
locally known as '^slicks’’) and are highly variable in size, compontion, 
and site. In contrast, the grass and sedge balds exhibit a central area 
of varying size with the herbaceous perennials almost completely domi^ 
nant and shrubs if present constituting a border community transitioned 
to the environing forest. These grass balds are of restricted size (i-100 
acres), and exhibit little diversity in composition and site. Roan Bald 
of a thomMid acres is an exception having been greatly enlarged in tibe 
modem period. Both types of openings are called ^^balds” by the 
local mountain people and the government topographic maps. It is 
very important ther^ore to point out that in this paper we are dealing 
only with the grass bald (including for purposes ol simplifi<^tion the 
few closely related sedge types) which may always be recognized by 
the relatively high local dominance of the grasses or sedges on areas < 
generally central, yet immediately surrounded by shrubs or in some 
directly by forest. 


1 





2 


JOTTRNAli OF THF MiTCHELL SOCXETY 




HISTORICAL 

The grass balds have bden an ecological puazle to naturalists and 
apparently to the Indians as well. The Cherokees held to supernatural 
explanations. The white observers up to the present have insisted on 
‘‘naturar' causes in the sense of local impact of extreme climatic condi- 
tions and uncontrolled fire. 

CHEROKEE LEGENDS 

Because of their human interest and as evidence of the antiquity of 
the balds, the Cherokee legends deserve restatement here, Fink's (8) 
account of the most elaborate myth from the original report by Mooney 
(16) is given first: 

“It seems that in the ancient days the Indian villages were subject 
to the incursions of a mythical monster, an ulagu, resembling a gigantic 
hornet, that would swoop down, snatch up a child in its claws and 
vanish so swiftly that pursuit was impossible 

“Every possible method of defense and offense was tried, with no 
avail. Meantime the raids continued, and the villages were fast being 
depopulated. At last sentinels were posted on the mountain tops and 
by this means the ulagu was finally traced to its lair, an inaccessible 
cavern high on a sheer, precipitous mountain side. 

“While they had found its retreat, the Indians were little better off 
than before. In their extremity, they gathered together in a great 
council and implored Divine assistance. The Great Spirit heard their 
pleas, and sent to their aid the lightning, that at one tremendous stroke 
split off the whole side of the mountain. When the smoke and dust 
cleared away, there lay the ulagu, dazed but still alive. Quickly the 
Indians fell upon lit with spear and ax, ridding themselves forever of 
the dread scourge. So pleased was the Great Spirit with their initia- 
tive in uncovering its hiding place, their piety in appealing for Divine 
aid in their extremity, and their bravery in the final combat, that it 
was His decree that in the future the tops of the highest mountains be 
bare of timber, to better serve as stations for sentinels should such 
another Visitation ever occur." 

In the original report the ulagu (Tsui 'kalu or Jutaculla) was definitely 
located on and in the region of Tennessee Bald which is one of the locally 
known “Jutaculla Fidds" comprising the neighboring two Rough Butt 
balds together with Gage and Charley Bald. 

On Joanna Bald on the GrAham-Cherokee County line (not i^ven on 
topographic maps) was the “lizard place" where a great lizard with 
glistening thioat could be seen sunning himself. 
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Still another story relates that the balds were forbidden territory 
and a party of young braves boldly and in merriment entered the open 
ground of one, whereupon the devil in the form of a huge snake assaulted 
and swallowed fifty of them. 

In the Mooney (16) report mention is made of Gregory Bald which 
the Cherokees called ‘‘the rabbit place'’ where the king of the rabbits 
lived — “a rabbit as big as a deer." Near Robbinsville is located a 
mountain having two small balds which were formed by “a mysterious 
being having the form of a giant with head bla 2 dng like the sim once 
alighted here and stood for some time. Later they found the herbage 
burned from the ground." 

Another legend states that the Nunnehi (people who live anywhere), 
a race of spirit folk who inhabited the high mountains, “had a great 
many town houses on the balds (“udawagimta" — Cherokee name for 
bald mountains). 


RECENT THEORIES 

William Bartram who traveled in the Southern Appalachians in 1776, 
and the Michauxs, father and son, the first white naturalists to traverse 
the Southern Appalacliians make no mention of the balds. They seem 
to have kept to the main lowland trails. 

Gray (9) visited Roan Mt. Bald in 1841 but was not aware of the 
problem, since the extensive grazing probably led him to believe the 
entire bald was a mountaineer clearing. His plant list constitutes a 
valuable record. 

Edson (7) is the first writer to attempt a scientific explanation. From 
observations on Roan she developed a theory of ice storm injury. The 
ice formation at certain places is so great, with the consequent repres- 
sion of the trees, that gravss comes to take the place of the injured woody 
plants. 

Harshberger (10) naively adopts the Edson theory in toto, 

Davis (6) describes the “grassy balds" of the piack Mt, range but 
offers no theory. There is “no legend or evidence of Indian occupancy." 

Fink (8) under the title, “A Forest Enigma," holds that no theory 
yet advanced is adequate. He mentions the possibility of Indian oripn 
only to point out what appear to him as unanswerable arguments against 
this idea. “Nor could they have been cleared by the Indians in pre- 
historic da 3 rs for it would have been too gigantic a task, far beyond the , 
possibility of their rude stone axes. Indian energy, or rather lack of 
it, would not have gone to such incredible labor without some vitally 
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compelling cause* And even had they done so in the centuries which 
must have elapsed^ the clearings would have been completely re- 
forested.” 

Camp (3) from observations on one bald; vi*., Gregory Bald, believes 
the balds due to ''local exposure to hot and dry southwesterly winds in 
dry seasons— a local climate theory comparable to the ice storm idea 
mentioned earlier. 

Cain (1) goes no further than to assert that the grass balds must be 
"natural” phenomena but does not attempt to outline what the dif- 
ferential natural complex is which has produced them. 

Wells (17) discusses the problem but offers no theory. In a later 
preliminary note (18) he calls attention for the first time to the artificial 
nature of the grass balds since a high percentage of them occupy 
gentle south slopes near springs, which data together with observations 
in successional relations, point toward an Indian theory of origin. 
The present paper is an elaboration of this position. 

Wells (19) gives an account of Andrews Bald, using this bald as a 
basis for a very brief emphasis on the prehistoric human origin of that 
bald. 


DESCRIPTION OF GRASS BALDS 

Up to the present the isolated grass balds have not been seriously 
affected by modern civilization. The Federal high mountain roadway 
program will soon bring so many people to them that profound changes 
are certain to follow. In places such as Tennessee Bald the road will 
traverse the bald itself which will mean its destruction. It is thus 
highly desirable to record the salient facts concerning these ecologically 
interesting areas before their vegetation is destroyed in whole or in part 

Because of the isolation of the areas, frequent visits were impossible, 
and time on the balds was highly limited. No claim is made for com- 
pleteness of the plant list, especially of the minor species. The few 
dominants, which are the significant plants in area control, have been 
very completely recorded. 

In th9 bald descriptions to follow, the plants in the grass bald areas 
proper are not only listed but ranked as to dominance on a 1~5 scale 
as follows: 1, dominant; 2, subdominant; 3, frequent or common but 
not subdominant; 4, uncommon but not rare; 5, rare or a few specimens 
only present. Plants attaining ranks 1-3 are few in number and are 
listed in the description with rank 4 and 5 plants listed by number 
referring to the plant list given below. So far as possible Britton and 
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Brown’s Flora of the Northern States and Canada has been followed 
in the matter of nomenclature. The location, altitude, month and 
year the bald was observed and approximate size are given for each 
bald, followed by the concise description. 



Preliminabt Grass 

1. Achillea millefolium 

2. Agrimonia gryposepala 

3. Agrostie alba 

4. Agrostis perennans 

5. Alaine media 

6. Anthemis Cotula 

7. Aquilegia canadensis 

8. Arctium lappa 

9. Aster divaricatus 

10. Aster patens 

11. Aster oblongifolius 

12. Aster surculosus 

13. Aster Tradescanti 

14. Asalea lutea 

15. Carex communis 

16. Carex crinita 


Bald Plant List 

17. Carex flexuosa 

18. Carex intumescens 

19. Carex normalis 

20. Carex rosea 

21. Carex varia 

22. Cerastium visoosum 

23. Chelone Lyoni 

24. Chrysanthemum leucanthemum 

26. Cirsium discolor 

26. Corylus rostrata 

27. Crataegus iraowda 

28. Dactylis glomerata 

29. Danthonia compressa 

30. Dennstaedtia punctilobula 

31. Desohampsia flexuosa 

32. Dierviila sessilifolia 
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33. Dracocephalum virginianum 

34. Drosera rotundifolia 

35. EragrostiB speotabilis 

36. Erigeron ramosus 

37. Eupatorium urtioaefolium 

38. Fragaria virginiana 

39. Gaylussacia orocola 

40. Gentiana quinquefolia 

41. Glyceria melicaria 

42. Gnapbalitun purpureum 

43. Grossularia rotundifolia 

44. Helianthus decapetalus 

45. Hieracium aurantiacum 

46. Hieracium Bcabrum 

47. Houstonia purpurea 

48. Houstonia serpyllifoHa 

49. Hypericum Buckleyi 

50. Hypericum punctatum 

51. Hypericum virgatum 

52. lonactis lineariifolius 

53. JuncuB marginatus 

54. Juncus tenuis 

55. Kalmia latifolia 

56. Kneiffia fruticosa 

57. Koellia dubia 

58. Koellia pycnanthemoides 

59. Krigia virginica 

60. Lechea Leggettii 

61. Leontodon Taraxacum 

62. Leptilon canadense 

63. Lilium philadelphirum 

64. Lilium super bum 

65. Lobelia inflata 

66. Lysimachia quadrifolia 

67. Mesadenia atriplifolia 

68. Monarda clinopodia 

69. Monarda media 

70. Nepeta Cataria 

71. Nothoholcus lanatus 

72. Oxalis stricta 

73. Oxypdlis rigidius 

74. Panicum meridionale 

75. Fedicularis canadensis 

76. Penstemon brevisepalus 

77. Phlox ovata 

78. Phleum pratense 

79. Pieris floribunda 


80. Plantago oordata 

81. Plantago lanoeolata 

82. Plantago major 

83. Poa compressa 

84. Poa cuspidata 

85. Poa pratensis 

86. Polygonum aviculare 

87. Polygonum persicaria 

88. Polytrichum commune 

89. Potentilla canadensis 

90. Potentilla recta 

91. Prunella vulgaris 

92. Pteridium latiusculum 

93. Rhododendron catawbiense 

94. Rhododendron punctatum 

95. Rubus allegheniensis 

96. Rubus canadensis 

97. Rudbeckia hirta 

98. Rudbeckia laciniata 

99. Rumex acetosella 

100. Rumex obtusifolius 

101. Salix humilis 

102. Salix tristis 

103. Schizachyrium scoparium 

104. Senecio Smallii 

105. Sibbaldiopsis tridentata 

106. Silene virginica 

107. Solidago bicolor 

108. Solidago caesia 

109. Solidago hispida 

110. Solidago monticola 

111. Solidago neinoralis 

112. Solidago patula 

113. Solidago speciosa 

114. St achy 8 aspera 

115. Specularia perfoliata 

116. Trifolium pratense 

117. Trifolium repcns 

118. Vaccinium corymbosum 

119. Vaccinium hirsutum 

120. Verbascum Thapsus 

121. Veronica officinalis 

122. Viburnum cassinoidcs 

123. Viola lanceolata 

124. Viola sororia 

125. Xolisma ligustrina 
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TRAIL BALD. Tennessee Bidge. 6000 ft. July, 1936. Along many 
hundred yards of the high trail on the boundary line between Haywood 
and Transylvania coimties. With the mountain oat grass (DarUhonia 
compresaa) strongly dominant on and along the sides of the trail for 
extended distances, this trail bald together with many others like it, 
furnishes evidence for the human origin of the larger and broader balds. 
The grass originally appearing in the trail seems to be slowly encroach- 
ing on the narrow shrub borders transitional to the forest. So thick is 
the grass on the sloping sections of the ridge top trail that complete 
protection from gull3ring has been given. 

COLD MT. BALD. Haywood County, N. C. 5900 ft. 14 acres. Sept., 
1935, Extends along south side ridge top near and on east side of 
peak; includes a gap. 1 — Danthonia compresaa; 2 — PotentiUa canaden-^ 
sis; 3 — Achillea millefolium; 4 — ^9, 12, 38, 40, 47, 60, 51, 57, 72, 104, 
105, 107; 5—24, 36, 92, 97, 109, 120. Bounded below by shrub bald 
zone {Vaccinium corymbosum dominant), transitional to Quercus bore- 
alia forest. Above just over ridge top Crataegus sp., dominant Quercus 
borealis and at the gap Fagtis grandifolia. Evidence of fire in last 5 
years. Spring near bald, lower side. 

An old mountaineer met on this bald stated that he could discern no 
noticeable change in the relative size of the grass and shrub areas in 
the 50 years he had been visiting the bald for blueberries. 

Cold Mt. with its twin peak. Shining Rock, both having balds was 
called ‘^Datsunalasgunyi'^ by the Cherokees. 

ANDREWS BALD. Smoky Mt. National Park, Swain Co., N. C. (Fig. 
2). Roughly square in outline, 5860 ft. Reported as 75 acres. Prob- 
ably an overestimate. July, 1925. On gentle southwest slope at end 
of high ridge 2 miles south of Clingman's Dome. An extraordinarily 
large and fine example of the ancient herbaceous balds originated by 
the Indians. Strongly dominated by species of Carex with the em- 
phasis on the upper and west sides shifting to the single species Carex 
flexuosa because of higher soil water. The sedge cover on this bald was 
the thickest of all seen; the sod very deep and heavy. Plants of the 
middle and lower area: 2 — Carex varia^ C. radiata; 3 — Carex flexuosa, 
PotentiUa canadensis; 4 — 9, 16, 19, 20, 22, 29, 35, 38, 41, 64, 99, 112, 
124; 5—30, 47, 48, 49, 73, 78, 84, 91, 93, 122. In an earlier note (19) 
too great an emphasis was given to the oat-grass; this bald is fundamen- 
tally a sedge bald. 

This expansive area is dotted with a few widely scattered relict shrubs, 
Viburnum cassinoides and Ribes roiundifolium being prominent. East 
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side bounded by a tree covered declivity near ridge top: north side by 
balsam-epruce climax with Rhododendron caiawbienee along the 
eootone: west side balsamnspruce with mixed shrub border grading 
into low Buhue: South side balsam-spruce with Olyceria and heavy 
Carex at one part indicating an almost marshy character of the bald 
here. Good spring near southwest comer of the bald. No evidence 
of recent fire or grazing. 

MT. STERLING BALD. Haywood Co., N. C. (Rg. 3). 6800 ft. Small 
rectangular bald 100 x 360 ft. l3nLng on gentle western slope near top of 
the mountain, long axis parallel to contour lines. June, 1936. Notable 
for the high dominance of Carex flexuosa to be correlated with its wet 
soil character due to drainage from the balsam-spruce above. The 
central body of the bald shows: 1 — Carex flexuosa; 2 — ^none; 3 — Paten- 
tiUa canadensiSf Viola sp., Fragaria americana; 4 — 18, 19, 22, 83, 96; 
5 — 14, 28, 67, 78, 104. On the margin socies of GauUheria procumbens, 
Dennstaedtia punctilobulOf and Polytrichum sp. were noted, also Carex 
lucorum. This bald is completely surrounded by the balsam-spruce 
climax. A spring is located a few yards from the lower trail entrance. 

A bare area (Fig. 4) made on this bald on the tent site of Dr. H. L. 
Blomquist of Duke University during the summer of 1933 shows little 
serai progress. Rumex acetoseUa had appeared forming a marginal ring; 
the center was bare after two years. 

ROAN BALD, N. C. Tennessee line near Bakersville, N. C. (Fig. 5) 
5800 ft. Extends along ridge east of Carvers Gap, at present involving 
many hundred acres (most estimates 1000). Not visited since 1926. 
The relative dominance was not noted at that time. The common 
plants were Danthonia compreasa, Poa compressaj Trifolium repens^ 
Potentilla canadensis^ Houstonia serpyUifolia, Polytrichum commune^ 
Veronica officinalis^ Rumex acetoseUa^ Deschampsia flexuosa, Agrostis 
alba. 

This is probably the largest high mountain grass area in the Southern 
Appalachians. All evidence indicates, however, that it owes its present 
large size to the activities of the early white mountaineers who de- 
stroyed krge areas of forest for grazing purposes. The high North 
Carolina — Tennessee ridge at this point is unusually broad and flat- 
tened, making an extensive grazing area posssiblc here. Relict buck- 
eyes {Aesculus octandra) were scattered on the lower slopes (Fig. 6). 
The limited area on the nearly flat top was the probable site of the orig- 
inal Indian bald. Here tihe Danthonia grass makes a heavy sod and 
the original bald must have closely resembled a bald like Gregory which 
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occupies a edxnilar Ate. On the south slope the uneonunon Alnm 
AlnobHtda forms a thicket community. The surrounding forest border 
is of hard-^woods of which beech and northern red oak are prominent. 

This bald and its nearby forested peak (now cut over) were visited 
by the early taxonomists— Gray, Lamson-Scribner (13), Curtis, Buck- 
ley, and Chickering (5), none of whom discussed the probable origin 
and maintenance of such a grass area. 

Lanman (14) reports an Indian tradition which tells of 3 great battles 
which were fought on this mountain, the Catawbas winning against the 
Cherokees. After these battles the Great Spirit caused ^‘the forest to 
wither from the 3 peaks.*' Such a legend is an indication of the great 
antiquity of the bald. 

SHINING BOOK GAP BALD. Haywood Co., N. C. (Fig. 7) 6700 ft. 
July, 1935. Two acres in the gap and extending up lower southwest 
slope. Gives way to shrubs on upper half of slope except for 2 small 
pure grass areas (1) a local level place, 30 ft. in dia. and (2) and acre- 
size area on the mountain top. Gap bald, 1 — Danthonia compressa; 3 — 
Houstonia eerpyUifolia^ Vaccinium corynibosum (relicts). 4 — 4, 32 
(mar^nal), 47, 66, 89, 93, 96 (marginal), 99; 5 — 17, 66 (marginal), 
71, 77. The upper two local balds are in almost pure mountain oat- 
grass broken by shrub relicts. The shrub bald ecotone to the forest is 
of an open type on the higher more gentle slope and massed on the lower 
steeper south-facing slope. Kalmia laiifoUa and Rhododendron cataw- 
biense are the most abundant with Pieris floribunda represented. 
Beyond the shrubs is Quercus borealis and in a few places the shrub 
bald makes contact with the vast successional community of Prunus 
pmnsylmnicum. On the higher side the grass and shrub areas are 
bounded by the quartz rock wall dike which gives the name to this 
peak. An excellent spring is located very near to the gap bald. 

The shrubs of the upper slope and top are chiefly the blueberry 
{Vaccinium corymbomm) making this mountain one of the largest 
‘‘berrying grounds" in the region (Fig. 8). The open character of the 
shrubs is due to this activity, the interlocking paths having grown up 
in oatgrass, a fact extremely significant in the problem of bald origin. 

BUNCHES BALD. Ha3nvood Co. near Soco Gap. 5700 ft, A small 
rectangular bald of two acres at the ridge top on the south slope. 
Notable for the presence in it of the northern Hieradum aurantiacum, 
1 — Danthonia compressa broken sharply in various small socies of fork 
dominants; 2 — Achillea miUifolium (socies); 3 — Erigeron ramosusj Po- 
ientiUa canadensis^ low Rubus sp., Chrysanthemum leucanthemum; 4 — 
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3, 22, 38, 45, 47, 71, 75, 76, 91, 99; 5—7, 60, 88, 104, 106, 117. The 
weedy character of this bdd indicates recent disturbance in relation 
to the lumbering going on in the vicinity. 

Bounded by a marginal shrub-community of Vaccinium corymboaumj 
Lyonia ligustrina and Azalea calendulacea. Also Pteridum latiuaculum 
prominent. Back of the shrubs the Quercua borealia consociation sur- 
rounds the bald. 

WEST ROUGH ^UTT BALD. Boundary line between Ha3rwood and 
Jackson counties. 5700 ft. June, 1936. Two almost contiguous 
areas of 5 acres each on west sloping ridge leading down from Rough 
Butt Mt. Lower bald of the two on a broad, gently rounded ridge 
top. Dominated by an almost pure stand of Poa compreaaa, 2 — 
Houatonia aerpyllifolia; 3 — PoierdiUa canadenaia. Boufeided by mixed 
Picea rvbena and Quercua borealia. Indications of heavy grazing. 

TENNESSEE BALD. At junction of boundary lines of Haywood, 
Transylvania, and Jackson counties. June, 1936. 5622 ft. Six 

acres. A narrow rectangular bald occupying gap extended along gap 
ridge top l 3 dng on the long grade east slope, immediately below ridge 
top. 1 — Poa compreaaa; 3 — Potentilla canadenaia, Houatonia aerpyU 
lifolia^ Juncua tenuia; 4 — 1, 99, 121. The upper of the treeless area 
is in shrubs with Vaccinium corymboaum dominant. Upper boundary 
Quercua borealia with some Picea rubena; the lower boundary Betvla 
liUea with a few Ahiea Fraaeri, Prunua aerotina and Acer apicatum. 
An excellent spring is found at the middle of the bald, a few yards into 
the forest. 

This gap bald was a well known one in the early days. A main 
trail crossed it and today as indicated above it is the junction of three 
counties. The Cherokees called it ^‘Tsunegunyi^' and on it and its 
neighboring balds lived the great legendary hornet (or bird in another 
account) whose activities were described earlier. 

siLER^s BALD. N. C. — ^Tenn. line, Smoky Mt. Park seven miles 
west of Clingman^s Dome. Aug., 1936. 5600 ft. Five acres on south 
spur of Siler^s Bald Mt. beginning at mountain peak. This bald must 
be dealt with in three sections: 

East Section: The ridge top in Danthonia compreaaa with socies of 
Potentilla canadenaia. The northwest slope below top in tall weeds 
and Rubua. Stumps of small beeches here showed recent cutting and 
fire. 

Middle Section: Apparently was originally the main bald. The 
south slope at present in PotentiUa and Fragaria, a ruderal society 
coming in after the Danthonia grass had been killed by the early 1936 
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drought. North slope dominated by ScUdago with socies of Helianthua, 
On the moist lower slope of the middle section Carezflexuom dominates 
with much Rubns under three feet. 

West Section: Upper part at present chiefly in weeds, Rvdbeckia 
laciniata, Fragaria americana, and PotentiUa canadensis. Only two 
acres at base of bald with living DanOionia campressa. 

This bald among many others was severely affected by the spring 
drouth of 1936 changing the high dominance of the oatgrass over to a 
mixed weed community. 

HIGH SPRING BALD. N. C. — ^Tenn. line. Smoky Mountain Park. 
Five and a half miles west of Clingman^s Dome. One-fourth acre. 
August, 1936. 5500 ft. A small bald to be correlated with a good 
spring on south side just below the ridge top. At present largely in 
weeds with Phkum prominent indicating recent human interference. 
The high spring found here is to be correlated with the water indicat- 
ing Carex at east end, where subsoil drainage from neighboring ridge 
top passes on way to spring. 

THUNDERHEAD MT. BALD. N. C. — Tenn. line, Smoky Mt. Park, near 
top of mountain. 5500 ft. Ten acres. July, 1936. This grass bald 
is exceptional in its location on a rather steep slope and that slope has 
a northwestern exposure. Danthonia compressa was in complete con- 
trol and had been able because of the northern exposure of the site, 
to survive the 1936 spring drouth. It is bounded on its east side by 
a compact mass of Rhododendron maximum which extends up slope 
to the top of peak. A small oat-grass community 20 ft. in diameter 
covers the mountain summit. The western boundary is the high 
mountain hardwood forest dominated by Qvercus borealis. 

soco BALD. Haywood County, three miles from Soco Gap. July, 
1935. 5400 ft. One and a half acres on south rather steep slope just 
below top of Soco Bald Mt. A mixed bald with low shrubs scattered 
through grass areas. On a relative dominance basis the record gives: 
2 — Danthonia compressa, Vacdnium corymbosum; 3 — Senecio aureus; 
4 — Lyonia ligustrina. Salix humilis, Erigeron ramosus, Pedicularis 
canadensis, Sassafras sassafras (noteworthy), Kalmia latifolia, Azalea 
calendulacea. On the upper or ridge top side the bald is bounded by 
low Fagus grandifolia, Azalea calendulacea, and low CasUmea dentata. 
Below, Quercus borealis. 

This bald is introduced as a type of shrub bald containing enough 
grass to make its classification difficult. It is not a grass bald proper 
but represents a fire repressed shrub bald with a grass admixture. 

BLOCK HOUSE MT. BALD. Near N. C. — Tenn. line. Two miles from 
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Thunderhead Mt., Smoky Mt. Park. July, 1986. $400 ft. Three 
acres of bald proper (without trees). One on north slope of peak and 
two on south slope. On the upper i of the latter the Danihonta eom- 
pres 0 a grass had been killed by the 1936 spring drouth and the area 
taken by weeds which in progressively decreasing size below gave way 
to the still living grass below. The north bald pure stand of oatgrass 
was unaffected by the drouth. The relative dominance of the weeds 
occupying the grass killed area was as follows: 2 — Solidago patvia, 
Potentilla canadensis; 3 — Rumex acetoseUa, B. obtttsifoli'uSf Aster sp.; 
4 — Phkum pratense. The south bald is bounded on west by scrub 
Fofftis grandifolia 1-4 ft. high on lower and east side by Quercus borealis. 
The north bald is entirely surrounded by beech. 

Of especial interest is to be found on the forested mountain slope 
below the bald a great development of oatgrass under the trees ex- 
tending down slope on the south side to Haw Gap, involving an area 
of 25 acres or more. Such an extensive grove of large old trees with 
almost pure grass beneath is very unusual in the high mountains. Its 
occurrence here may be ascribed to a combination of grazing and fire 
within historical times. The treeless areas above are regarded as true 
grass bald initiated by the Indians for game lures. 

BIG PisGAH RIDGE BAJLD. Haywood County line ridge near Mt. 
Pisgah. 6340 ft. Aug., 1936. Two acres. A grass bald bordered 
by Corylns rostrata. Of rectangular shape, its long axis is on the ridge 
top, the south slope exposure being slightly larger than the north. 
1 — Danthonia compressa; 2 — Potentilla canadensis; 3 — Phleum pratense^ 
Pteridium latiusculum; 4 — 24, 26, 67 ; 6 — ^36, 66, 72, 91, 97, 99, 108, 
112, 116, 118, (relicts), 125 (relicts). 

Of especial interest on this and the following bald is the hazelnut 
{Corylns rostrata) border (Fig. 9) with a minor amount of Soliz humilis 
on the south side. On the north side this shrub is massed in a pure 
stand between the Quercus borealis forest and the grass and by short 
rhizomes is slowly encroaching on the grass area. The west end of 
the bald opening is already choked. This bald is unquestionably being 
transformed into a Corylns shrub bald. The environing forest is that 
of Quercus borealis. Probably a lure bald as to origin; no spring was 
found near it. 

UTTLB PISGAH RIDGE BALD. Near Haywood County line ridge, 
vicinity of Mt. Pisgah. ^30 ft. Sept., 1936. Only two small grass 
areas left amid the heavy Corylns^ each roughly circular with diameters 
of 6 and 25 ft. respectively. The original bald opening was 8 acres. 
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1 — DofUhcn^ compressa; 3 — PoteniiUa canadensis^ Pteridum latins- 
adum; 4— Cimwm discolor^ 5 — Prunella vulgaris. This grass bald 
has been almost eliminated by the hazelnut, and gives an exact index 
as to the facts of the preceding. These two balds, now in transition 
from grass to shrub (Corylus), are the only ones of the kind noted. 
Quercm borealis surrounds the thick hazelnut community with some 
Kalmia and Crataegus. 

Indian graveyard bald. On south slope of a low mountain near 
Tennessee Bidge at headwaters of Pigeon River. 5300 ft. Aug., 
1936. Four acres, roughly square in outline. At time visited the bald 
was dominated by Solidago patula^ a successional stage following an 
earlier drouth. Scattered over this bald and in the surrounding forest 
as well were the mounds and depressions of a former extensive wind- 
fall. The mound axes are all parallel to the contour lines suggesting 
an artificial arrangement explained as ‘Tndian graves^ ^ but in reality 
due to the uniformity of tornado wind direction. Danthonia compressa 
was developing between the masses of Solidago and was dominant on 
the mound tops. In addition to shrub relicts of Comus asperifolia 
and Vaccinium corymbosum a few repressed trees of Robinia pseudo- 
acacia are presented, their presence made possible here by the relatively 
low altitude. 

On the west and south margins the bald is in contact with a vast 
area of Rubus and Prunus pennsylvanicum with no plants of these present 
in the bald. On the east border is found Fagus and Comus, the con- 
tact sharp. On the upper or south side, Quercus borealis was dominant. 

LITTLE WATAH BALD, Macou Co., near top of peak east of Nantahala 
Gap. July, 1935. 6000 ft. One-half acre on the southeast slope. 
Lower three-fourths of the opening in grass. 1 — Danthonia compressa; 
3 — PoteniiUa canadensis, Fragaria americana; 4 — 22, 36, 68, 77, 91, 
104; 6—1, 24, 60, 66, 71, 74, 95, 106, 120. The upper fourth of the 
forest opening is in shrubs of which the east half is in Saliz humilis, west 
half Kalmia and Azalea caUndulacea. The bald is bounded by Quercus 
borealis with some Fagus especially on the west side. No spring near 
by. Apparently used as a lookout because of the proximity to the 
gap close by. 

SPENCE (or spencer) FIELD BALD, N. C. — Tcnn. line, Smoky Mt. 
National Park near Thunderhead Mt., lying between the headwaters 
of the west fork of the Little River and Gunna Creek. July, 1936« 
A long undulating ridge top bald a mile long and involving at least 40 
acres, including the broad main gap. Danthonia compressa normally 
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highly dominant but large areas of it on the south slope n^ the ridge 
top were killed by the 1936 spring drouth, being replaced by 1 — Potenr 
tiUa canadensis and 4 — Prunella vulgaris. On the north slope the 
oatgrass was highly dominant 1 — Dartihonia ccmpressa; 3 — Solidago 
spatula; 4 — 24:, 99, 104, 121. An excellent spring is found near the 
gap on the south side. The south boundary consists of Qitercus borealis, 
Aesculus octandra, and Fagu^ grandifolia. On the north side Aescvlus 
is dominant with some Sorhus americana present. To the east on the 
ridge, relict trees of Acer saccharum. Quercus alba and Beivla Iviea 
are present in all stages of degeneration, under the combined attack of 
the axe, fire, grazing, and drouth. 

This bald has unquestionably been enlarged in modern times through 
the heavy grazing imposed upon it by the mountaineers. Its gap 
nucleus, however, dates back to the Indian days. 

CRABTREE BALD. Haywood Co., near Crabtree, N. C. (Fig. 10). 
July, 1935. 5280 ft. A recently developed bald of 20 acres on north 
slope of mountain from top down to the gap. 1 — Poa praiense; 2 — 
Agrostis stolonifera, Achillea miUifolium; 3 — Danthonia compressa, 
Oxalis stricta, Cerastium viscosum, Phleum praiense, Trifolium repens, 
Potentilla canadensis, Cirsium odoratum; 4 — 8, 28, 53, 99, 100 ; 5 — 78, 
80, 90. 

Scattered over this bald were relict specimens of Robinia pseudo- 
acacia in all stages of decay. Most of the trees were dead. One large 
mass of Corylus rostrala was noted near center and a few masses of 
Dennstaedtia fern. Above at the mountain top, the boundary forest 
was Fagus with Aesculus octandra relicts. Below the bald merged into 
a ridge meadow with abundant Chrysanthemum leucanthemum. 

This bald is entirely of recent origin and is introduced here as an 
example of a bald made by the white pioneers who were able to extend 
their grazing areas with fire aiding their axes. Such balds are, however, 
not common. 

BIG CHESTNUT BALD. On N. C. — ^Tenn. line peak in the Smoky Mt. 
Park at the head of Defeat Branch of Valley Creek. Sept., 1935. 
4970 ft. Forty-five acres. An irregularly shaped ridge bald lying 
chiefly on the south slope. Much disturbed in recent decades and 
invaded by weeds and blackberry. At the east end lies a restricted 
area of t3npical oatgrass bald. 1 — Danthonia compressa; 3 — Potentilla 
canadensis; 4 — 66, 107, Aster “sp., Solidago sp.; 5 — 64, Lactum sp. One 
large Acer saccharum tree stands in this grass area. 

In the vicinity of the ruins (chiefly a fallen-in chimney) of the old 
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Hall's cabin was a ruderal community as follows: 1 — Phleum; 3 — 
Fragaria americanaf Aster tradescanti, Rvdbeckia laciniaia; 4 — 1, 2, 8, 
72, 100. 

This bald opening is surrounded by Qiiercua borealis trees which at 
the very top of the mountain above the bald reach the unusual height 
of 40-60 ft. in spite of wind exposure. CaManea and Aesculus ^bso 
present. • 

GREGORY BALD. N. C. — ^Tenn. line (Fig. 11). Smoky Mt. Park 
near west end of Park. Aug., 1935. 4948 ft. Seventy-five acres. 
This bald is one of the largest known. Roughly rectangular in shape, 
it is located on an unusually flat high prominence of the main ridge. 
It extends down on the north side but 20-50 yards while on the south 
side to fully 150-160 yards. 1 — Danthonia compressa; 2 — Juncus 
tenuis; 3 — Muhlenbergia sobolifera; 4 — 22, 99, 102; 6 — 11, 24, 36, 42, 
47, 48, 65, 71, 72, 104, 115, 116, 117, 120, relicts of 14, 125, Vacdnium 
hirsutum and Aronia nigra. 

In the central region at the top is a rocky area of J acre with a weed 
community as follows: 1 — Trifolium repens; 2 — Polygonum persicaria; 
3 — Polygonium aviculare, Juncus tenuis, Rumex acetosella. The north 
boundary is of scrub Quercus borealis with a transition zone of shrubs 
{Lyonia ligustrina, Vacdnium corymbosum and others). The south 
tree boundary is also of Quercus borealis, but higher trees in front of 
which is a broad transition zone of mixed shrubs. Especially note- 
worthy here was the occurrence in large masses of the northern shrub 
willow Salix tristis which made the contact with the grass while Vao 
dnium corymbosum was next to the forest. 

This bald was famous among the Cherokees as being “The rabbit 
place” (Tsistuyi). Here the chief of the rabbits lived. He was as 
large as a deer and ruled all of the rabbits of the Cherokee cpuntry. 

Camp (3) holds “that the area was not originally a pure grassy 
meadow but one with numerous shrub islands of various types and men- 
tions a tradition that this bald was “originally a blueberry meadow.” 
He thus believes it was “once dominantly a heath bald containing 
open spaces with a heavy covering of grasses, sedges, and other herba- 
ceous plants.” He (4) later rightly states that it “bears on its great 
wind swept dome the most striking and choice assortment of ericaceous 
genera and species of any of the grassy balds.” He found the hybridiz- 
ing of at least 3 species of Azalea result in a polyglot population almost 
impossible to unravel. 

OLD CAMP BALD. In gap 300 feet below Little Wayah Bald, near 
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Nantahala Gap. July, 1935. 4700 ft. One And a half acres. The 
undisturbed f of this bald was dominated by oatgrass and closely 
similar to Little Wayah Bald nearby. Of especial interest was the 
composition of a semi*-weedy disturbed area, the site of an old cabin 
and corral. 2 — Salix humilis; 3 — Fragaria anyericana^ Solida^o sp., 
Danthonia compressa; 4 — Prunella rndgaris; 6 — Diervilia sessilifolia. 
The bald opening was closely surrounded by a Quercus borealis forest. 

The significant fact here was that of the reinvasion of the oatgrass 
into the weed community. Every indication p)ointed to the gradual 
restoration of dominance to this plant. 

GENERAL DISCUSSION 

The observation that typical bald communities had appeared on 
many hundreds of yards of the high ridge trails, was the basis for the 
idea that the prehistoric grass balds must have had a similar origin to 
the perfectly evident origin of the unrecognized linear balds of the 
trails. These trail balds, of which examples on Tennessee Ridge and 
Shining Rock Mt. (Fig. 12) have been described, could have had no other 
origin than that of the succession which took place after the trail 
became sufficiently unused to make possible the appearance in it of an 
herbaceous community. Fire conducting itself along a ridge-top and 
confining itself to the trail and immediate trail border is of course an 
absurdity. 

The pioneer dominants must have been herbaceous for in many 
places on sloping ridge tops these bald trails are sunken, indicating a 
degree of use and weather erosion which eliminated the reproductive 
parts of woody plants, rhizomes, stolons, and seedlings. Following a 
brief weed-like pioneer stage initiated commonly by Rumex acelosella^ 
these trail areas went over to a high dominance of the mountain oat- 
grass {Danthonia compressa). In many places, this remarkable grass 
seems to have extended its range laterally at the expense of the narrow 
zone of shrubs which commonly is found transitional to the all-environ- 
ing forest. 

From the t^il bald it is a simple logical step to realize that the 
broader local areas recognized as ‘‘grass balds*' must have had a similar 
origin though severe and intensive local human interference which as 
will be shown later, must o^cur, to initiate an herbaceous succession in 
contrast to the usual woody succession following fire or lumbering. 
These ancient grass balds such as Andrews and Siler's in the Smokies 
and Cold Mt. and Shining Rock in the Balsams are then essentially 
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expanded traile. Antidating, as most of them do, the coining of the 
white man, they unquestionably owe their origin to sufficient intensive 
local and continuous destruction of the woody vegetation to make 
possible the advent of an herbaceous complex, progressing rapidly to 
the stable Danthonia community on mesic soil habitats or Carex on 
wet ones. Having attained dominance these perennials with and ap- 
parently without the aid of fire are able to compete successfully against 
the woody plants. 

Camp's (3) data on Gregory Bald (given previously) strongly sup- 
ports this theory, though he does not use it as it is interpreted here. 
His movement from shrub to grass is due he believes to “hot south- 
westerly winds." 


INDIAN CAMP SITES 

It may now be clearly understood why 15 of the 22 old balds de- 
scribed herein are found on gentle warm south-facing slopes of high 
ridge tops, gaps or knobs, just above or near to springs. These are 
interpreted as summer time camp sites where the Indians may have 
gathered in large numbers for it is known that they preferred the ridge 
trails for hunting and travel over the stream side ones. Truett (16), 
a student of trade and travel before 1830, states: 

“In the mountain and hill country the trails usually led along higher 
ground and ridges where the undergrowth was not so dense and where 
there were fewer streams to cross. The trails along ridges also afforded 
good opportunity for sighting game and enemies. These two factors 
determine to a great extent the location for paths." 

The Southern Appalachian ridges are so massive that ascent and 
descent on the same day leaves little time for hunting or any other 
activity including ecological note taking (as the writer repeatedly dis- 
covered), hence the development of local high mountain camp sites 
would prove a real need for the Indian hunters. It is entirely probable 
that during the summer the women and children for varying periods 
would be taken to such camp areas. Further the large balds may have 
been refuges for large numbers of Indians in time of war. 

Some of the balds which in the mind of the writer were originally 
major Indian summertime camp sites are: Shining Rock, Andrews, 
Tennessee, Siler's, Spence Field (near Thunderhead Mt.), Big Chestnut, 
Gregory, Roan. There are numerous minor grass balds such as High 
Spring Bald earlier described which were unimportant as a camp site 
but were significant as a meeting ground at the highly placed spring. 
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It must be stated that springs located near ridge tops are not frequent 
in the Southern Appalachian Mountains. In the eastern and more 
rugged half of the Smoky Mt. Park there are only a few places where 
water may be had convenient to the high trails. 

The sharp angular character of the boundary of certain balds such 
as may be seen at Andrew’s and Mt. Sterling balds, has a highly arti- 
ficial appearance. In both of these, sharp right angles occur in the line 
of contact between balsam trees and the grass. No set of natural fac- 
tors would be so arbitrary in a boundary line. 

In contrast, a most important early trail crossing; viz., Indian Gap 
on the main Smoky ridge over which passed one of the great Indian 
war trails formerly showed but a few square yards of grass developed 
at the sharp ridge top. And no water is to be found within many 
hundred feet. 

As to the time these camps were occupied nothing is known from the 
early records. The between the lines” inference in the Cherokee 
legends is that the balds far antedated the 18th Century Cherokee. 
Their actual origin probably goes back many centuries before the ad- 
vent of the white man and they may be relicts of a culture and of habits, 
about which the Cherokee of the DeSoto and Bartram periods knew 
nothing. 


GAME LUKES 

After publishing a preliminary note (18) on the Indian theory of 
grass bald origin, the writer learned from Mr. Arthur Stupka, Smoky 
Mt. Park naturalist, an additional line of evidence. Near the Mt. 
Sterling .Bald (previously described) Mr. Stupka met an old mountain- 
eer, who reported that his grandfather had been told by the Indians 
that the Mt. Sterling Bald had been made by the Indians for a game 
lure. Deer and wild turkeys would be tempted into the opening and 
be easily shot with bow and arrow from the deep shadows of the en- 
vironing balsam forest. 

This contribution is especially interesting in light of the fact that the 
Mt. Sterling Bald is a wet bald dominated by Carex flexuosa and would 
in wet seasons be unfit for camping purposes. 

Another bald of this probable origin and purpose is one located on 
the slope of the ridge between Clingman’s Dome and Siler’s Bald which 
from its shape may be known as Square Bald. These game lure balds 
unadapted for camping are few in number. 
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LOOKOUTS 

A third type of bald is located near or on sharp summits and which 
seem to have been little more than lookout stations. Such a one is 
the small bald at the top of Blockhouse Mt., a neighboring peak to 
Thunderhead Mt. in the Smoky Mt. Park, but not on the main high 
N. C. — ^Tenn. ridge. This bald faces to the nearby main ridge and 
also overlooks the Gunna Creek valley. It would be most reasonable 
to regard such a small bald as a signal station. Similar small balds 
near the top of such strategic peaks as Shining Rock, Cold, Bunches, 
and Wayah seem to find their proper classification in this category. 

OBJECTIONS TO INDIAN THEORY ANSWERED 

Only two students mention the Indian in connection with the balds, 
only to eliminate him from the picture. 

Fink (8) believes they * 'could not have been cleared by the Indians 
in prehistoric days for it would have been too gigantic a task far beyond 
the possibility of their rude stone axes. Indian energy, or rather lack 
of it, would not have gone to such incredible labor without some vitally 
impelling cause. And even had they done so in the centuries which 
must have elapsed the clearing would have been completely reforested.'^ 

If we are careful to subtract the marginal areas on many of the balds 
which were made by the white mountaineer and his cattle and horses, 
we do not have a "gigantic" task to clear what is left. The original 
balds were unquestionably at first highly restricted expansions of the 
trails at these strategic points which through decades of use and slow 
destruction of trees and shrubs for fire wood expanded to the size at 
which the white mountaineer found them. The rude axe of the Indian 
plus many decades, or even centuries, of time could easily have enlarged 
the balds to the size first noted by the white men. As has already 
been shown, shrub bald areas may apparently be reduced to grass with 
the aid of criss-cross trails alone, though in many of the very open balds 
such as Andrew's, mass camping would be indicated to account for the 
extreme reduction of the woody plants. Such mass activity could 
easily have occurred in the summer period in relation to hunting or 
large war parties. 

That under abandonment the balds would have been reforested, 
does not follow. All the evidence indicates that at the higher altitudes 
balds are completely resistant to invasion. The competition of the 
remarkable oatgrass is too severe for the woody plants. This grass 
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(Danthonia compresaa) is confined to the high altitudes where on mesic 
sites, it competes so successfully with all other herbaceous plants as 
to reduce them to very minor elements of the population. 

Davis (6) merely asserts that there is no “legend or evidence of 
Indian occupancy/' This is correct statement insofar as historical 
records go. The absence of such evidence in early records, however, 
may only mean that most early visitors to the Cherokee region never 
raised the problem of bald origin. Ecological concepts were of little 
concern to the early naturalists. There is little hope of getting any 
help on the problem from old records. But this lack does not detract 
to any degree from the purely ecological evidence presented in this 
study. 


NEGATIVE EVIDENCE 

The great single fact which constitutes strong negative evidence is 
that the subsere following fire, lumbering, or these two combined is 
initiated and developed by woody plants. At the higher altitudes in 
the balsam-spruce areas following the destruction of the forest the 
familiar fire cherry (Pruniis pennaylvanicum) appears like magic from 
its long-viable seeds and by means of root crown shoots preserves its 
dominance under repeated fire. In the shade of this serai dominant, 
the balsam and spruce return. Often associated with this tree as sub- 
dominants are the bramble {Rvbus allegheniensis and often the thorn- 
less R, canadensis) and the red elder {Sambucus racemosus). 

This successional forest may be observed today covering many square 
miles of the high Balsams where it came in some 17 years ago following 
the removal of the forest with succeeding fire. And nowhere is there 
any evidence of any part of this vast deciduous successional cover 
giving way to a weed or a grass complex without the additional inter- 
ference of man. 

A similar relation holds at the slightly lower altitude or in the north- 
ern red oak {Quercus borealis) zone contiguous to the balsam-spruce 
with the difference that the bramble and other shrubs such as Corylus 
tend to gain control quickly and hold it until the trees are slowly 
replaced. 4 

Thus it may be stated categorically that if fire alone can produce a 
mountain grass bald, vast areas of the high Southern Appalachians 
would be in such balds. Yet the grass balds are but mere dots scat- 
tered widely over the vast mountainscape. 

This important line of evidence together with the positive evidence 
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given earlier, constitutes strong support for the theory that the recog* 
nisably old or prehistoric grass balds are aberrant climaxes initiated 
through human interference (disclimaxes of Clements) which persist 
because of the highly competitive nature of the dominant grass in 
resisting encroachment of the woody vegetation at high altitudes. 

It is worthy of record here that the dominant grass of the ecologically 
puzzling western high mountain deer parks, is a close relative of the 
eastern bald dominant; viz., Danthonia calif omica var. unispiccUa. 
Whether or not the theory developed in this paper could be made ap- 
plicable to the western areas is for the consideration of those who know 
those openings better than does the author. 

RECENT HUMAN INTERFERENCE 

The influence of the white mountaineer on the balds has been through 
his use of these areas for grazing. In many cases by the use of his 
axe in addition to his stock, he has measurably enlarged the original 
balds. An excellent example of such a greatly enlarged bald is that 
on Roan Mountain which covers many hundred acres. It is interesting 
to note that those balds which show evidence on their margins of recent 
deforestation accompanied by grazing, are located at or near accessible, 
broad gaps, where the old mountaineer cross-ridge trails passed. 
Spence’s Field near Thunderhead Mt. is another such bald enlarged 
and extended along the ridge by the mountaineer and his cattle. 

More rarely a bald may be encountered which has been entirely initi- 
ated by the early native whites. Crabtree Bald, described earlier, is 
such a one, A few relict trees which survived the axe and fire are scat- 
tered over it in all stages of deterioration. Unlike nearly all of the 
larger balds, this one is op a north facing slope. The surest criterion, 
however, is the depth of the sod which in a bald of recent origin is 
notably thinner than in an ancient Indian initiated type such as An- 
drew’s. The dominant Kentucky blue-grass, together with the rela- 
tively high dominance of a number of weeds, presents on this ^‘bald” 
a completely different picture from that of the undisturbed true bald 
on which the mountain oatgrass or sedges are almost pure dominants. 

RESPONSE TO GRAZING 

The degree of grazing on the balds is most accurately indicated by 
JuncuB tenuis, the path rush. On a heavily grazed and trampled area 
like that of Gregory, the rush attains a rank of 2 or that of a true sub- 
dominant with a marked suppression to a rank of 4 to 6 of the other 
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weed elemaats of the community. Andrews Bald shows no Juncua 
whatever. On the i acre at the top of Gregory where the cattle gather 
at night with consequent eliminating of the grass, a destructive ruderal 
flora and dominance is to be noted. 

With the cessation of grazing, no matter how severe the destruction 
of the grass, the serai progression is toward the Danthonia disclimax. 
However, short or long the intermediate weed-like stages are they are 
for the most part highly successful in holding the areas against the 
woody plants. 

It is interesting to note that a few of the pioneer weeds are able to 
persist in the mature Danthonia or Carex communities in a highly sup- 
pressed state, ranking only 4 or 5. 

On Old Camp Bald, described earlier, on the site of the former corral 
where the vegetation must have been practically eliminated, the oat- 
grass was returning and entering into competition with the wild straw- 
berry and the Salix humilis^ which had been able to establish itself on 
the disturbed area. How long the pioneers or later herbs other than 
the oatgrass hold these disturbed areas is not known. The Indian 
Graveyard Bald has apparently been for a number of years dominated 
by the perennial Solidago canadensis which gained ascendancy during 
a drouth year. The only places where the oatgra&s was making a suc- 
cessful ecesis was on the mound summits. In time, the oatgrass would 
regain dominance over the area. 

The Big and Little Pisgah Bald, which are rapidly being eliminated 
by Corylus rostrata moving into them from the margins by means of 
rhizomes, present a problem. Why have not all of the grass balds 
long ago been taken by the hazelnut? The answer is to be found, we 
believe, in two facts: (1) The low altitude of, these balds making con- 
tact with the hazelnut climatic zone and (2) the heavy grazing these 
balds have had in recent years weakening the grass in its competition 
with this one shrub which was unmistakably and rapidly erasing the 
herbaceous community from the local mountain picture. 

THE DROUTH CYCLE 

A severe drouth occurred in the early summer of 1936 which resulted 
in the death of the oatgrass {Danthonia com'pressa) over relatively large 
areas of many of the balds. Only where a shower had fallen in time 
or where the soil depth or other soil factors had made possible the per- 
sistence of available water had the grass remained alive. The Smoky 
Mt. Park balds suffered move severely than did those in the Balsams. 
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The initiation of the subsere following the death of the dominant 
grass was carried out by a few species of weed-like plants (PotentiUa^ 
Fragaria, Sclidago), which as highly suppressed perennials under the 
subsequent rains and the removal of the root competition rapidly de- 
veloped into maximum sized plants. These serai communities of ru- 
deral aspect in a few years give way again to the oatgrass and the 
disclimax grass community is restored until the next drouth occurs. 

One very instructive situation was observed on Block House Moun- 
tain Bald. The grass near the ridge top had been killed en masse but 
lower down the slope it had survived the drouth. Over the killed 



Fig. 13 . Diagrammatic Demonstration of Intensity of Competition 
Set up by the Oat Grass 

At left, the response of the perennial goldenrod (S, patula) after the killing of 
the grass by drouth. Right, the repressed goldenrod in area of surviving grass. 

area Solidago patula had assumed control but in the transition region 
to the living grass, the plants of this perennial species became progres- 
sively reduced in size until those which were hiddeil amid the luxuriant 
living grass became so suppressed by competition as to bear only two 
or three leaves (Fig. 13). This observation furnishes concrete evidence 
of the highly competitive nature of the oatgrass. When it is observed 
that these perennial goldenrods are kept almost completely suppressed 
it may be realized how impossible it would be for a seedling plant of 
any kind to become established and the explanation for the non-ecesis 
of the woody plants becomes apparent. 



Hm Mith<Mr is ffresAly indebted to Df. H. L. Blamqpd«tf«r thbldeiiktit* 
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BtnOIAST 

Twenty-three local grass or sedge covered areas C*gram balds”) in 
the high Southern Appalachians are described and the theory put for- 
ward that they could have come into existence only through human 
activity, presumably that of the Cherokee Indians. 

The Cherokee l^nds which indicate their presence in prehistoric 
times and the modem theories of scientists as to their orighr (fire, ice 
storms, hot winds) and maintenance are given 

The plant distribution is presented on a 1-5 scaie of dominance, with 
an initial list 126 species. DarUhonta compreum (mountain oatgrass) 
is the most important species, being replaced as dominant in the occa- 
sional wet bald by Carex species, especially Carex fiexuoaa. 

The Indian origin theory is based in part upon the negative evidraoe 
that every natural destmetive agent (uncontroUed fire, insects, ice) 
initiates a woody plant succession and not an herbaceous one. Also 
during recent millenia any natural factor or complex of factors that 
could initiate and maintain herbaceous balds would have reduced 
extensive areas of the high mountains to this state. 

The positive evidence is derived from the following facts: Most of 
the balds are on gentle south slopes of rounded ridge tops or g^ps near 
high '‘bold” springs, indicating clearings for summer camp sites. A 
few are isolated on steeper dopes and have been reported (Mt. Sterling 
Bald) as having been made by the Indians for game lures and certain 
small ones on peak tops are to be int^reted as lookout points. 

A most injportant line of evidence is that observable on many of the 
high ridge trails, where long sections have developed the bald plant 
complex, showing that the grass community may appear only following 
a long and severe disturbwoe of the originiii vegetation at the 8<dl level. 
A grass bald is in a sense an expanded trail. 

Following abandemment of these intenedvely disturbed areas, a 
ruderal or weed stage ensues, followed by the permanent grass (l>ait- 
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thotlia) or so(lji;o {Carvx) comnniiiity. During droutli Huminors 
of tli(‘ grass nuiy b(‘ killod and a new subsero initial ( h 1 by tlu* ruderal 
])lants. Tho liigli mountain grass and sodgo aro abl(‘ to (‘Oin])pto sue- 
(•(‘ssfully with tlie woody vpg(‘lation without tho aid of firo, aooounting 
for lh(‘ maint(‘nan(*(‘ of th(‘so artificial aroas through oonturios of tinH‘. 

North Carolina State Collecje, 

Ralkkjh, N. C. 
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PLATE 1 

Fi^. 2 (top). Andrews Bald. Note luxuriance of sedge cover, slirub relict and 
Liliurn superbum at right. 

Fig. 3 (middle). Mt. Sterling Bald. Note sharpness of contact with the balsam 
forest. 

Fig. 4 (bottom), ('amp site of Dr. H. L. Blomquist on Mt. Sterling Bald. Little 
re vegetation in 2 years. 


PLATE 2 

Fig. 5 (above). General view Bonn Bald. Largely recent in origin. 

Fig. 6 (below). Boan Mt. Bald. Note relict buckeyes. Chiefly recent in 
origin. 


PLATE 3 

Fig. 7 (above). Shining Bock Gaj) Bald. Note fire or ])in cherry following 
logging and fire in the balsam area. No cherry w'hatever in th(‘ bald 
portion. 

Fig. 8 (below'). Shining Bock Gaj) Bald (foreground). Shrub bald broken hy 
blueberry ])ickers, grass devclojung in the trails, 

PLATE 1 

Fig. 9 (above). Big Pisgah Bald. Note (Utrylus bord(‘r encroaching laterally 
on grass area, ('^irtiium disrolot along trail in foreground. 

Fig. 10 (b(‘Iow). Crabirt'c Bald. Kcccnt in origin. Note relict trees. 

PJ.ATJ0 T) 

Fig. 11 (above). Gregory Bald. Note sharp contact with northern red oak 
forest. Salijr Insfia in foreground. 

Fig. 12 (below). Danlhama cafnprrssa dominant in trail. 
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NOTES ON MAYFLIES OF THE SOUTHEASTERN STATES 
(EPHEMEROPTERA) 

By Jay R. Travek 
Plate 6 

A six-weeks collecting trip in the southeast,* during the latter part of 
May and the entire month of June, 1936, yielded much material, an 
account of which is herewith presented. Seven new species are de- 
scribed. Notes on the life history and ecology of previously-known 
species, and descriptions of hitherto-unknown stages in the life history 
of others, comprise most of the remainder of the paper Twenty-one 
species are added to the list of known North Carolina mayflies. Of the 
fifteen species reported from Alabama, fourteen are new records for the 
state. In addition, new records for the occurrence of certain species of 
mayflies in other southeastern states are presented 

NORTH CAROLINA 

Most of the collecting and rearing of specimens was done in the 
Appalachian region of North Carolina, and in the north-central portion 
of Alabama. In North Carolina, headquarters were established at 
Valle Crucis School, Valle Crucis (May 24r-June 10), and at Penrose 
(June 1 l~June 24). From these points, many trips were made to adja- 
cent areas. Nymphs collected elsewhere were brought back to head- 
quarters for rearing. It was possible to keep rearing cages containing 
the nymphs in one of the small streams flowing through the valley, at 
Valle Crucis, and under a fortunate leak in a pipe line leading from a 
small mountain stream at Penrose. There were no casualties from 
floods during the past season^s collecting, nor were the cages disturbed 
by too inquisitive humans. 

In the Valle Crucis region in which collections were made, drainage is 
largely northwestward into the Watauga River; however, streams near 
Sugar Grove flow northward into the New River, while the North Toe 
and the Linville Rivers flow southwest and south respectively. Some 

* This trip was made possible by reason of a grant from the American Asso- 
ciation for the Advancement of Science* 
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of the species found in the Watauga River drainage are the same as 
those known to occur as far north as New York; others have been taken 
only in North Carolina or southward. While much new territory was 
covered on this collecting trip, many of the same streams were visited 
in which I had found good collecting in previous seasons. 

In this connection, the condition of certain of the streams visited, as 
compared with those same streams in the summers of 1929 and 1930, 
may be of interest. Thus the Tuckaseegee River below Dillsboro is 
now practically devoid of all aquatic insect life, due to pollution of the 
stream by industrial wastes. On a pleasant warm June evening spent at 
Bryson City, through which town the river flows, not one stonefly, cad- 
disfly, nor mayfly was to be found in the town or above the stream. 
One glance at the dirty, scum-covered black water was sufficient answer 
to our query as to their absence. In 1929, the stream still afforded 
fairly good collecting. Portions of the Davidson River, where gravel 
and sand are being excavated, yielded little or no aquatic life. The 
lower reaches of the North Fork of the Swannanoa River are reduced 
to a barren waste, due to silt pollution from similar excavating activities. 
The main stream of the Swannanoa was likewise a very poor collecting 
ground in 1936, although many specimens were taken there in previous 
years. The probable reason for this was not ascertained. 

The entire area of the Great Smoky National Park is here considered 
under North Carolina, although certain of the specimens were taken 
from the Tennessee portion of the park. Likewise a few specimens 
taken at Trade, Tenn., just across the border from Sugar Grove, are 
listed under North Carolina instead of Tennessee. 

Family ephemeridae 
Subfamily Ephemerinae 
Genus Hexagenia Walsh 
’^Hexagenia marilandica Trav. 

This species has not been reported previously from North Carolina. 
Nymph skins in abundance were found floating on the surface of the 
water near shore, at Lake Lanier, N. C. (This is a large artificial lake 
south of Tryon, almost on the North Carolina-South Carolina line.) 
A single male subimagawas captured as it rested on a clump of reeds 
beside the shore, before taking flight. It failed to transform to the 

• Species for which no references are given arc treated fully in the Biology of 
Mayflies f — Needham, Traver, Hsu, 1935; Comstock Publishing Co. References 
fori>ther species are indicated. 
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adult stage. No other adult specimens were obtained^ in spite of an 
extensive search of trees, shrubs and low herbage near the lake shore. 

Nymph (described from nymph sloughs). Body (including tusks): 
female, 40-42 mm.; male, 27 mm. Tusks slightly longer, more slender, 
and less sharply upturned than in the nymph of H. Carolina Trav. (see 
fig. 16); frontal process of head of female more dome-shaped, not as 
conical as in the latter species. Head and thorax dark red-brown 
above; wing-pads deep blackish brown (somewhat darker than similar 
areas of Carolina), Gills and gill-fringes deep purplish. Color and 
markings of body cannot be determined from nymph slough. In gen- 
eral, this n3anph is slightly larger and stouter than Carolina^ a condition 
which is especially evident in the female. 

Male suhimago (dried). Body 21 mm.; wing 16 mm. Resembles 
H, marilandica in abdominal markings, in the very short distal joints 
of the forceps, and in the type of penes. * In size, it is nearer to H, 
rosacea Trav., which species I had at first considered it to be. Since the 
single specimen is a subimago, the relative lengths of joints of the fore 
leg and the size of the eye cannot be compared satisfactorily with the 
types of either of these species. See record of this species also from 
South Carolina. 

Hezagenia kanuga sp. nov. 

Male imago (specimen in alcohol). Body 20 mm,; wing 16i mm. 
Head yellow. Median earina largely blackish; black spot at inner 
comer of eye, connected to black area on earina by a narrow black line. 
Ocelli black-ringed at base. Alabaster white areas on vertex and occi- 
put, next to eyes and behind ocelli; narrow red-brown markings on 
these white patches. Upper portion of eye bright yellow; lower portion 
black. Pronotum yellow; two wide brown submedian stripes. Meso- 
notum yellow; red-brown markings along lateral margins and anterior 
to wing roots; scutellum greyish black. Metanotum dark brown in 
median area, yellow laterally. Pleura yellow; a dark brown triangle 
on basal portion of mesothorax, anterior to middle leg; an oblique streak 
extends upward from this triangle to wing roots. Sternum yellow. 
Dark brown triangles anterior to middle legs are joined by a median 
dark area, to form a continuous dark ventral band; from this, two sub- 
median streaks extend backward almost to the metasternum. A pur- 
plish brown median patch on prosternum; metasternum largely dark 
brown. Fore legs missing, except trochanters, which are dark red- 
brown. Middle and hind legs yellow; claws and distal tarsal joints 
black, apex of preceding joint dusky. Wings hyaline. Costal strip of 
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fore wing stained with clear brown; pale at base, becoming more intense 
toward apex. A few cross veins in radial area basad of bulla are nar« 
rowly dark-margined; no large dark spots. Costa and suboosta brown; 
radius yellow-brown; other veins purplish black. In hind wing, outer 
margin purplish black in patches, the border thus discontinuous. 
Several cross veins widely dark-margined, so that 6 or 0 small dark 
spots are formed. 

Abdomen yellow, marked dorsally with blackish brown, with red- 
brown ventrally. Tergites 1 and 2 largely dark; pale lateral margins 
and a pair of small pale submedian spots on each. A continuous dark 
median streak the length of the abdomen dorsally; gradually widened 
apically. Lateral oblique streaks run from this stripe forward to an- 
tero-lateral margin, on tergites 3-7. On 8 and 9, these streaks are 
shorter, ending in pleural* fold halfway from base. On 10, they almost 
attain the anterior margin. . Ventrally, red-brown triangles occupy most 
of the median area of each stemite. The apex of each triangle reaches 
only about halfway from base to anterior margin, but a narrow reddish 
mid-ventral line extends the length of the abdomen. A pair of pale, 
clear, submedian spots on each stemite, enclosed by dark triangle. On 
each stemite, next to pleural fold, a short, reddish, transverse dash. 
Genitalia of the Carolina type. Forceps and penes yellow, streaked 
with purplish black; tips of forceps darkened. Distal joints of forceps 
as in Ulmer^S figure* of typical H, limbata Guer. Tails largely yellow; 
beyond base, apical half of each joint may be brown; approximately 
every fourth joint is almost wholly brown. 

This species may be synonymous with limhcUa, which is imperfectly 
known. However, a specimen in the Cornell collection, from Kansas, 
is much closer to the original description of linibata than is this specimen 
from North Carolina. The Kanuga Lake male differs from limbata: 
(1) meso- and meta-thorax yellowish instead of brown; (2) small but dis- 
tinct dark spots are present in the hind wings; (3) brown markings of 
abdominal tergites are somewhat more extensive, especially on the 
basal segments. The ventral appearance of limbata is not indicated in 
the early descriptions, nor has it been described or figured in any more 
recent accounts. 

Four male subimagos and four female images taken at Florence, 
S. C., seem to be of this species. 

Female imago. Body 22-28 mm.; wing 20-22 mm. Body largely 
yellowish white. Longitudinal .veins yellow, cross veins black, no dis- 

* 1921 — ^Ulmer, Greorg. Ueber einige Ephemeropteren-typen alterer Autoren. 
Arch. f. Naturg. Abt. A, 6: 237, fig. 7. 
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tinct dark spots in wings; humeral cross vein infuscated in basal half. 
Basal abdominal tergites marked as in male, but paler. On all other 
tergites, a wide purplish black median stripe; faint traces only of the 
lateral oblique streaks, on tergites 3 and 4. Ventrally, a narrow black 
mid-ventral line on anterior half of each stemite is the only marking. 
Tails wholly yellowish. 

Holotype — Male imago. Kanuga Lake, near Hendersonville, N. C., 
July 6, 1936 (L. C. Thomsen). No. 1463.1 in Cornell University Col- 
lection, 

Allotype — Female imago. Florence, S. C., May 16, 1929 (O. L. 
Cartwright). No. 1463.2 in C. U. Collection. 

Paratypes — Three female images, four male subimagos; same data as 
allotype. No. 1463.3-9 in C. U. Collection. 

Genus Ephemera Linn. 

Ephemera guttulata Piet. 

Another species reported for the first time from this state. This 
handsome and strikingly-marked Ephemera was fairly abundant at 
Valle Crucis. Adults were taken just after dusk, flying low over the 
creeks, upstream and back again, rather after the fashion of small drag- 
onflies hawking mosquitoes. Only a pale streak could be seen as one 
of them passed by. The dark-mottled wings contrast sharply with the 
white body, and are practically invisible in the twilight. Specimens of 
both sexes were obtained as they repeatedly passed forward and back 
above the stream bed; however, females were more numerous than 
males. Most of the specimens were taken May 26-27, although others 
were seen after that period. A nymph of this species was taken by Prof. 
Needham from Twenty-Mile Creek, Great Smoky National Park, 
on Apl. 3, 1934. 

Ephemera blanda Trav. 

More abundant than the preceding species, and evidently more widely 
distributed in the state. This species usually flies much higher than 
E. guUulataf but is taken at the same time, just after dusk. It is often 
found at some distance from any stream. Sometimes great numbers of 
E, blanda are seen flying above a highway, all going in the same direc- 
tion, and most of them too high to be taken in a net. Returning to 
Valle Crucis from Heaton, one evening just after sunset, we stopped the 
car to find out what insects were coming up the road toward us in such 
numbers. By leaping as high as possible, we were able to catch a few 
of the low-flying ones, which proved to be specimens of blanda. All 
that we caught that evening were males. Another evening, from just 



32 JOXTBNAL OF THE MiTCHBLL SOCIETY [July 

before sunset until it was too dark for collecting, males and females were 
taken as they ^danced' above and along the shores of Wildcat Lake, 
a small lake near Banners Elk. Collections are as follows. Images; 
Valle Crucis, May 2&-27, 1936 (J. R. T.) and May 30, 1936 (L. C. 
Thomsen) ; Wildcat Lake near Banners Elk, May 31 (J. R. T., L. C. T.) ; 
Heaton, June 2; Banners Elk, June 8; Cedar Mountain, June 13 (J. R. 
T., L. C. T.). N 3 nnphs; Valle Crucis, late autumn, 1934, and Oct. 1, 
1935 (L. C. Thomsen) ; Hazel Creek, Cataloochee Creek, and Twenty- 
Mile Creek, Great Smoky National Park, Apl. 3-7, 1934 (J. G. Need- 
ham). 


Subfamily Potamanthinac 
Genus Potamanthus Piet. 

Nymphs of this genus were found in the Davidson River, Pisgah 
National Forest, not far from the place where Orcianthus purpurcus 
was first taken in 1929. Oreianthus nymphs inhabited the deeper, 
swifter portions of the river, beneath very large, fiat rocks which could 
be moved but slightly and with much difficulty. Potamanthus nymphs, 
however, occurred in the shallower, less rapid waters nearer the bank. 
Although some dwelt in the fine gravel and sand in the lee of smaller 
rocks, others were clinging to the sides of the rock.s, not loosening their 
hold when their support was lifted from the water. They seemed to 
prefer angular, sedimentary rocks in water not over on(' foot in depth, 
to which they clung, heads upstream, an inch or two above the stream 
bed. 

Potamanthus distinctus Trav. 

This species has not been listed hitherto from North Carolina. The 
nymph has not been described previously. I was able to rear a male 
and a female adult from nymphs, and thus to determine the species. 

Nymph, Body of female, 17 mm.; of male, 14 mm. Head deep 
red-brown with pale markings. Mandibular tusks of the t 3 ^e of P. 
rufiLs Ide***, but with fewer spines on the distal portions (see fig. 7). 
Anterior to median ocellus, a large, pale, mushroom-shaped spot, and 
two small lateral streaks at its antero-lateral angles. Small pale spot 
behind median ocellus. Large pale areas around eyes. Median line 
of occiput pale; pale ti;gnsverse streaks along this line; two pale sub- 
median spots on hind margin. Eyes separated by a space approxi- 

ld35 — Ide, F. P. history notes on Ephoron, Potamanthus, Leptophlebia 

and Blasturus with descriptions (Ephemeroptera). Canad. Ent. 67: 121, figs. 
6, PI. 4. 
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matety equal to three eye diameters. Thorax deep red-brown. 
Sagittate median mark on pro thorax; lateral margins widely pale; a 
pair of submedian triangular spots, two pairs of pale submedian streaks, 
and smaller pale marks laterally. Mesonotum with many pale marks, 
principal of which are: two pairs of submedian marks, anterior pair 
elongated, posterior pair rounded; two pale spots on wing roots; four or 
five other pale spots between wing roots and anterior margin. 

Fore tarsus red-brown; wide blackish band at base, narrower dark 
band apically. Tibia yellowish; blackish median band, also narrow 
black streak on outer margin near base. Tibial spine quite short. 
Femur yellowish; wide blackish pre-apical band; apical flange dark; 
blackish band near base, on outer half only, connected along outer 
margin with pre-apical band. Long hairs on inner margins of femur 
and tibia; shorter spines on tarsus. Middle and hind legs yellowish. 
Base of tarsus dark brown; narrow dark band at base of tibia, dark pre- 
apical mark on outer margin ; pre-apical and basal bands on femur, as in 
fore leg. Abdomen dark red-brown dorsally, yellowish ventrally. Pale 
dorsal markings of abdominal tergites 3-8 consist of a short, median dash 
at anterior margin, and two submedian triangular or conical spots on 
posterior margin, faint traces of 2 or 3 small dots near lateral margin. 
On tergites 9 and 10, submedian marks on anterior margin, in addition 
to the above. Stemites 3-8 each with a curved, brown, lateral mark; 
a pair of brown submedian spots near anterior margin; posterior to 
these, a pair of smaller dark dots nearer the median line. Gills pale 
purplish brown. Tails dark red-brown, paler distally. 

The mature nymph of P, distinctus is quite similar to that of P. 
rufiLs. Slight differences in the mandibular tusks, in the coloration of 
logs and abdominal tergites, and the presence of more extensive dark 
ventral markings, serve to distinguish it from the latter species. Adults 
of both sexes, in distinctus ^ possess blackish cross-veins in the wings; 
in rufus, wing-veins of both sexes are wholly pale, and eyes of the male 
are somewhat smaller. In both species, lateral ruddy markings occur 
on the abdomen. This reddish coloration of the adults fades very 
quickly in alcohol, so that the female of distinctus, which is so preserved, 
has already lost the ruddy abdominal markings, the median red stripe 
on head and thorax, and the ruddy tinges of the fore legs, which were 
present at the time of emergence. The two male specimens taken last 
summer are pinned, to preserve the ruddy coloration. It is probable 
that the female specimens to which I referred in a previous paper* 
as Potamanthus sp. No. 2, are P. distinctus, 

* 1932 — ^Traver, J. R. Mayflies of North Carolina, Pts. I and II. J. Elisha 
Mitchell Sci. Soc. 47: 110. 
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Immature nymphs taken along with the mature ones just described, 
differ somewhat in the lex^h of the tusks and in the maculation of the 
abdominal tergites. Color pattern of head is identical with that of the 
mature n 3 miphs; leg pattern also similar, although the femora appear 
relatively stouter. Similar dark ventral markings are present. I am 
considering these nymphs to be of the species distinctm. An examina- 
tion of many sp>ecimens of nymphs of P. waUceri Ide, from the Potomac 
River at Brunswick, Md,, leads me to believe that the color pattern 
of the abdominal tergites may be quite variable within the limits of a 
single species. It would seem that care should be taken to indicate the 
sex as well as the relative maturity of a n 3 rmph, when describing the 
color pattern. 


Subfamily Neoephemerinae 
Genus Oreianthus Trav. 

Oreianthus purpureus Trav. 

This unique species has been reported to date from three localities 
only, in North Carolina: the Mitchell River near Mountain Park, 
Surry Co.; the Tuckaseegee River at Dillsboro, Jackson Co.; and th(* 
Davidson River in Pisgah National Forest, Transylvania Co. This 
past summer I succeeded in rearing several male images from the 
Davidson River, so that nymphs and images of both sexes are now 
known. I note that, in previous descriptions of the nymph, no men- 
tion has been made of a pair of low, submedian tubercles on the anterior 
margin of the pronotum. The short, median spine or tubercle on the 
mesonotum, between the wing cases, was in error stated to be on the 
metanotum. 

Male imago (alcoholic specimen). Body 14 mm ; wing 14r“15 mm.; 
tails 20 mm. Eyes large, rounded; not contiguous apically; separated 
by about IJ mm. Lower portion very small, blackish, quite distinct 
from the large upper portion, which is orange in color. Head and an- 
tenna purplish black; the latter with a whitish ring at base. Prono- 
tum deep purplish, lateral margins blackish; posterior margin quite 
deeply emarginate. Mesonotum deep red-brown; paler laterally, me- 
dian stripe somewhat paler. A cream-colored line along antero-lateral 
and postero-lateral margins, on each side; another pale curved line on 
each side, extending from just above the antero-lateral margin to a 
point anterior to the seutellum, thence backward on each side toward 
scutellum. ScuteHum and preceding area piceous. A very small tu- 
bercle on median line, about the middle of the scutum. Posterior notal 
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wing processes produced backward somewhat beyond the scutellum; 
tips somewhat pointed. Metanotum purplish brown. Thoracic pleura 
deep red-brown, with numerous large pale areas; purplish red shading 
above and anterior to each leg. A wide purplish black streak extends 
forward from base of fore wing; a narrower and shorter blackish streak 
just below it; another black area anterior to middle leg. Sternum deep 
red-brown; middle of prostemum blackish; intersegmental areas pale. 

Fore leg not quite as long as body. Femur purplish red, paler basally, 
blackish apically; several small pale dots or streaks, on purplish median 
portion. Tibia piceous; tarsus somewhat paler than tibia, deep pur- 
plish brown. ^Knee' pale. Femur about | as long as tibia, which is 
approximately J the length of the tarsus. Basal fore tarsal joint very 
short; second and third joints subequal; fourth joint slightly shorter 
than third; fifth joint about J as long as third. Middle and hind legs 
very similar to fore leg in coloration. Pale spots on femur more numer- 
ous; extreme base whitish. Knee area more conspicuously whitish. 
Tibia and tarsus concolorous, deep purplish brown; tip of tibia creamy. 
In hind leg, tarsus only a little more than J as long as femur; tibia very 
slightly longer than femur, fully twice the length of the tarsus. Dis- 
tal joint of hind tarsus about equal in length to basal and second joints 
combined. Third joint shortest, second slightly longer, basal slightly 
longer than second. Wing membrane very faintly milky in most speci- 
mens. Costal and subcostal spaces beyond bulla with an almost opaque 
white cloud, becoming paler at apex. In general, very similar to wings 
of female. Costal cross veins very weak, especially at base and in 
stigmatic area; in latter space, strongly anastomosed, dividing the 
area into two sets of cells, of which the outer series is slightly the smaller. 
All veins deep purplish black; longitudinal veins heavier than cross 
veins, costa, subcosta, and radius the heaviest. Humeral cross vein 
faintly purplish. 

Tergites and sternites deep purplish red, with numerous pale dots. 
Antero-median portions of tergites 2 and 3, and antero-median margins 
of tergites 4-6, pale. A black median streak on tergites 1 and 2; on 3-6, 
narrow black subniedian streaks enclosing a paler median line; on 7-9, 
pale subtnedian streaks enclose a dark median line. Tracheae faintly 
etched in paler color. Posterior margins of all segments^ both tergites 
and sternites, pale greyish white, so that abdomen appears distinctly 
annulate. Intersegmental areas likewise pale. These pale margins 
widest on sternites 6-8. Pleural fold deep purplish black, except at 
posterior and anterior margins; blackish shading on each side, on 
tergites and sternites. A blackish transverse streak across tergite 2. 



36 JotTBNAL OP THP Mn?CHlDLL SOCIBTY [Jvly 

Middle area of forceps base purplish red; lateral portions paler. Basal 
portion of forceps, penes, and lateral margin of tergite 10, pale yellow- 
ish white, shaded with purplish grey. Apical portion of forceps purp- 
lish grey. Forceps four-^jointed, not three-jointed, as seemed to be indi- 
cated in the male nymph. The two distal joints very short; basal joint 
about I as long as the second, distinctly concave on the inner margin, 
and bearing a protuberance at the inner apical angle (see fig. 8). Penes 
much as in Neoephemera bicolor McD. Tails very deep purplish black; 
in basal portion, a very narrow and inconspicuous paler ring at each 
joining. All three tails subequal in length. 

Male imago (dried specimen). Eyes deep purplish red. Entire 
thorax deep mahogany brown, very shiny. Pale areas on pleura quite 
bright yellow; most conspicuous are three stripes (including anterior 
margin of mesonotum) anterior to wing roots, separated by wider red- 
black streaks. Tibia of fore leg, and all parts of middle and hind legs, 
concolorous with thorax; pale spots on femora inconspicuous. Coxa 
and trochanter of fore leg, and coxa of middle and hind legs, yellowish 
with purplish red shading. Base of fore femur yellowish. ‘Knees* 
of all legs yellowish. Wings hyaline, no trace of milky tinge seen in 
alcoholic specimens. A distinct yellow area on membrane at base, on 
anterior and posterior margins of both wings. Abdomen deep purplish 
red; pale posterior margins of segments not conspicuous; pale spots 
barely noticeable. 

Female imago (dried specimen). Very similar to male, but head and 
thorax distinctly dark purple with yellow mottling. Yellow areas on 
pleura, legs, and wing bases even larger and more conspicuous than in 
male. Pale spots on femora more in evidence. Posterior margins of 
all abdominal segments distinctly yellow, likewise anterior portion of 
pleural fold on segments 8 and 9, and entire pleural margin of 10. 
Tails deep purplish black. 

Allotype — Male imago, reared from nymph. Davidson River, Pis- 
gah National Forest, June 12, 1937. No 1002.2 in Cornell University 
Collection. 

Nymphs pi Oreianthus are quite hardy, able to withstand unfavor- 
able conditions for a considerable time. Early in June I made a trip 
to Davidson River from Valle Crucis, at which time four nymphs of 
this species were capture^!. On the return trip the nymphs, in a rearing 
cage, were placed in a pail partly filled with water and carried thus in 
the car for several hours. Fresh water was provided only twice during 
the trip. All four nymphs survived the trip, likewise another trip 
from Valle Crucis to Penrose on June 10. Three of the nymphs died 



/ff57] Mayflies of Soxttheastekn States 87 

cm June 13. Another nymph survived a long, hot trip of three days 
(June 26~28) from Penrose to Tuscaloosa, Ala. During this time, the 
water was changed but a few times each day. The pail, however, was 
taken out of the car each night and set on the running board. This 
nymph died on June 29. 

From June 11 to June 24, Dr. Lillian Thomsen and I collected seven- 
teen Oreianthus nymphs from the Davidson River. Collections were 
made at three different points in the main stream, and in one small 
tributary. The nymphs were usually found beneath small, isolated 
boulders or irregularly-shaped sedimentary rocks in rapid water. In 
1929 and 1930, 1 had found them only under the much larger, flat rocks 
which form the main bed of the stream. In collecting, one of us held 
the hand screen downstream from a given rock, whilst the other lifted 
the rock enough to permit the current to sweep under it. Sometimes 
two or three nymphs were found under one rock; again, half an hour's 
work yielded not a single specimen. In one instance only was it pos- 
sible to determine the position of the nymph in reference to the shelter- 
ing rock. In the small tributary just mentioned, a good-sized rock was 
lifted from the water, and beneath it, clinging to the under surface in 
the manner of the large stonefly, Pteronarcys, was one Oreianthus 
nymph. It did not loosen its hold, even after the rock was well out 
of the water. Although the current was fairly swift here, the water 
was shallower than in most points in the main stream, probably not over 
nine inches in depth, 

Oreianthus nymphs have a habit of ‘playing dead' when disturbed, 
much after the manner of nymphs of the genus Ephemerella, so that it 
was not always possible at first glance to be certain that a bit of appar- 
ent trash on the hand screen was not a nymph. The same habit was 
noted in nymphs kept in the rearing cages. 

Although we made frequent \\siis to the river during these days in 
June, at varying periods of time between 9:30 a.m. and 9 p.m., often 
watching for several hours at a stretch, we did not see a single Oreian- 
thus adult in flight. Nor were any found resting on trees or shrubs 
along the bank of the river. As to the time of transformation from 
n3nmph to subimago, I record my observations on those nymphs kept 
in the rearing cages at Penrose, Some subimagos emerged in the fore- 
noon, between 8 and 9:30 a.m. Others emerged in the evening, 8 to 
9 p.m. One male emerged about 2:45 p.m., one female at 11 a.m. Is 
it characteristic of the species, that the individuals emerge at such 
varying times during the day? Is this lack of uniformity in time of 



38 JOUBNAL OF THE MiTCHELL SOCUDTT [Jirfy 

emergence due to the fact that the nymphs were in captivity, or do 
they behave similarly when undisturbed, in their native haunts? 

At Penrose, we made our home in a cabin part way up the side of 
Fodderstack Mt. Above and behind the cabin, in a spot sheltered by 
young trees and shrubs from too direct sun-light, the nymphs were 
reared. The rearing cages were kept in a small tub under the continu- 
ous drip from a leaky pipe-line conducting water down from a spring 
near the top of the mountain. This proved an ideal situation for the 
rearing of nymphs. Subimagos, when removed from the rearing cages, 
were put into similar dry wire cages, each containing a small leafy 
branch of tree or shrub. Sourwood, being abundant, was used fre- 
quently for this purpose. SuflScient moisture for transformation of 
the subimagos was provided by the leaves on this small shoot. Another 
leafy branch was placed on top of the cage, which was then taken in- 
side the cabin, for protection from sudden showers. 

The following item from my field notes might be of interest. “Did 
not remove two nymph skins until the afternoon of the day on which 
the subimagos emerged early in the forenoon. Could then find no 
trace of either whole skin, only the abdomen of one, and small bits of 
thorax, presumably of the two skins. It looks as though the other 
nymphs (Oreianthus and two Irons, in the same cage) must have 
eaten them.'' Nymph skins of Oreianthus were usually recovered 
whole; further, the force of water in the tub was not sufficient to have 
caused the disintegration of the skins. Even then, portions of the 
abdomen of the second skin would have been found in the cage. 

The nymph of another species of Oreianthus is described elsewhere 
in this paper, under Florida. 

Family heptaoeniidae 
Genus Stenonema Trav. 

Stenonema Carolina Bks. 

Imagos were taken in flight at Cranberry, June 8 (L. C. Thomsen, 
J.R.T.); at Valle Crucis, May 2&-June 9; at the Davidson River, June 
16 and 20; and near Banners Elk, June 8. A few specimens were reared 
at Valle Crucis. Nymphs are from a stream between Boone and Blow- 
ing Rock, June 7; near Banners Elk, June 3; and Valle Crucis, May 30. 
A small, pale, male imago from Conestee Creek, near Cedar Mountain, 
probably belongs here. 

The characteristic greenish cast of the bodies of the male imagos 
fades quickly in alcohol. There is considerable variation in size no- 
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tieeable among pinned as well as alcoholic specimens. Associated with 
the normal specimens, — ^bodies greenish yellow, posterior margins of 
both tergites and stemites blackish, — one finds smaller, paler forms, — 
bodies yellow, only the tergites darkened posteriorly. Markings of 
head, thorax and legs are similar to those of the normal dark speci- 
mens; eyes are as far apart, genitalia exhibit no differences. I am hold- 
ing such forms as pale varieties of Carolina. 

The nuptial flight of the males was witnessed beside a small stream 
near Cranberry, on June 8. The highway passes close to the stream on 
one side; on the opposite bank grow many tall trees. The greenish- 
yellow bodies of the males, their wings reflecting the sunlight, were 
noticed some time before sundown, weaving up and down in the manner 
of most species of mayflies. Most specimens were flying high, fully 
twenty feet up in the air, like tiny streaks of light against the back- 
ground of dark foliage. A few minutes of flight alternated with a rest- 
ing period, when the insects perched on some leaf of a nearby tree, 
visible to us, but quite safe from our nets. Occasionally one dropped 
low enough to come within range of the net. Many were dancing high 
above the roadway; several of these were captured as they dropped 
down to rest on some low-growing shrubs near the road. Now and 
again a mating pair was seen; one or two were captured. Several 
females, flying low over the stream in oviposition, were also taken. 
Both sexes, however, were quick to elude the net of the would-be 
collector. 

Stenonema pallidiun Trav. 

A few imagos which seem to be of this species were reared from 
nymphs taken at Valle Crucis, May 27-June 7, and at Banners Elk, 
June 3. Two nymphs are from Valle Crucis, June 7. Imagos were 
taken in flight at the Davidson River, June 16-20 (L.C.T., J.R.T.). 
From these pinned specimens, I present the following additions to the 
original description. 

Male imago (dried). Body 8 mm.; wing 9 mm. Eyes deep purplish 
red. Head and thorax deep yellow, the latter almost orange on mesqno- 
tum, metanotum, and portions of pleura. Femora deep, bright yellow; 
tibiae and tarsi duller and much paler. Median band on hind femur 
may be almost obsolete. Wings highly iridescent; costal and sub- 
costal spaces distinctly amber-tinged. Dorsum of abdomen quite bright 
canary-yellow, posterior margins of tergites purplish black except near 
lateral margins. Apical tergites do not differ in color from those pre- 
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ceding. Venter paler and duller yellow, without dark markinge. Tails 
very faintly ruddy at joinings, in basal half. Other markings as indi- 
cated in original description. Very short dark dash below antenna; 
lateral black streak on pronotum; no dark marks on pleura; no dark 
stigmatic marks. Basal joint of fore tarsus fully i as long as the 
second joint. 

Female imago (dried). Very similar to male. Thoracic notum and 
pleura not quite so deep in color. Median band of hind femur obsoles- 
cent. Costal margin of fore wing even more deeply amber-tinged; 
cross veins in basal costal space may be somewhat more heavily mar- 
gined, and more numerous (6 or 6 in female, before buUa, — usually only 
4 in male). Less contrast between dorsum and venter of abdomen, 
both being light canary yellow. Tails whitish, unmarked. 

This species flies in the evening, at about the same time as S. Carolina, 
and may be associated with it. 

Stenonema ithaca Clem, and Leon. 

Imagos were taken at Davidson River, June 5-15. Nymphs are 
from the North Toe River near the little town of Minneapolis, June 8; 
Cove Creek near Sugar Grove (north of Vilas), June 9; stream near 
Blowing Rock, June 7. This species also flies at sundown; oviposit- 
ing females may be taken as late as it is possible to see them in their 
flight over the water. Males usually dance at a height of about 8 to 
12 feet. 

Stenonema pudicum Hag. 

As on previous collecting trips in the mountain region of this state, 
this species was the one most frequently met with. Imagos were taken 
as follows: stream near Blowing Rock, June 7; near Banners Elk, May 
Sl-June 8; Valle Crucis, May 28-June 9; Cedar Creek near Glenville, 
June 19; Heaton, June 2. Reared specimens are from Valle Crucis, 
June 6; Cathey Creek at Cherryfield, June 21, Nymphs are from 
Valle Crucis and Foscue. Other nymphs were taken by Prof. Need- 
ham in the Great Smoky National Park at Hazel Creek, Cataloochee 
Creek, Twenty-Mile Creek, and Big Creek at Walnut Flats, Apl. 3-7, 
1934. 

This large, handsome, alert species with the beautifully marked wings 
was one of the principal actors in the brilliant performance staged at 
Valle Crucis on pleasant evenings in late May and early June, over 
Crabapple Creek. Other actors in, this dance-drama were Isonychia 
sadleri, Ephemera guttulata, Ephemera blanda, Iron ruhidua, Rhithro- 
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gena rubicunda, and Rhithrogena arnica. These twilight flights of 
hundreds of mayflies commenced just as the sim was setting, and 
continued until darkness descended. Similar flights were witnessed 
during the same period near Banners Elk, where the highway crosses 
a small stream. Above the bridge the air literally teemed with the 
dancing figures of mayfly multitudes. Smaller species, of the Ephe- 
merellas and Paraleptophlebias, also Iron confusus, often joined the 
throng. But of them all, Stenonema pudicum and Isonychia aadleri 
were the most elusive, the most difficult to capture. 

Genus Heptagenia Walsh 

Heptagenia Juno McD. 

This species has not been recorded previously from North Carolina. 
Two male images, several female images, and nymphs were collected. 
One male and two females were reared from nymphs. Localities: 
Valle Crucis, May 29~June 10 (adults and nymphs); Banners Elk, 
June 3 (adult females, nymphs) ; Davidson River, June 21 (adult male, 
nymphs); Cathey Creek at Cherryfield, June 17 (nymphs). Speci- 
mens were taken also in the Great Smoky National Park near Elk- 
mont, Tenn. 

Heptagenia aphrodite McD. 

Specimens are from Valle Crucis, May 27-29 (adult females); Cove 
Creek near Sugar Grove, June 9 (nymphs); and a tributary of the 
Rocky Broad River at Lecky Gap, June 16 (nymph). See also a doubt- 
ful record of this species from Alabama. 

Heptagenia thetis Trav. 

Nymphs were collected at Banners Elk, May 31, and at Heaton, 
June 3. Other specimens were taken by Prof. Needham in Twenty- 
Mile Creek, Great Smoky National Park, Apl. 3, 1934. 

Heptagenia marginalis Bks. 

Nymphs were taken in a stream near Blowing Rock, June 7. 

Heptagenia Julia Trav. 

Male and female imagos were reared from nymphs taken in Lecky 
Gap, June 19-21. Nymphs were also taken near Blowing Rock, 
June 7. Three of the imagos were pinned, and from these dried speci- 
mens it is possible to add the following notes to the original description 
of the species. 

Mole imago (dried). Vertex and occiput of head deep red. Prono- 
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turn dark red-brown in median area, lateral areas yellow. Mesonotiun 
red-brown, tip of scutellum blackish. Pleura paler red-brown in a 
diagonal band from base of fore leg to base of hind leg; remainmg 
areas yellowish. Prominent black markings above and posterior to 
fore leg, anterior to and above middle and hind legs. Sternum yellow. 
Fore femur yellow, tinged with red-brown at base; wide median red- 
brown band; black line along inner margin apically. Tibia and tarsus 
light olive brown, tibia with reddish tinge; tip of tibia blackish. Fem- 
ora of middle and hind legs yellow, no red tinge; median band in- 
conspicuous on hind femur; on each, a short, black dash near apex, on 
inner margin. Tibia and tarsus yellowish olive. Wings with a faint 
yellowish or amber tinge. A wide, red-brown band occupies the middle 
of the abdomen dorsally. Wide, black, posterior margins on tergites 
in this area. Lateral areas of tergites paler red-brown. Sternites 
deep yellow; posterior margins purplish red. Segments 8 to 10 with 
distinct reddish tinge. Tails olive yellow, joinings black. 

Female imago (dried). Very similar to male. Tibiae and tarsi of 
all legs pale yellowish olive. Wings more distinctly amber-tinged 
than those of male; along the costal margin they appear greenish yellow. 
Dorsum of abdomen somewhat paler than in male, purplish red; pleural 
fold pale, likewise lateral margins of tergites 7-10. 

Heptagenia spinosa Trav. 

Two female imagos, taken at the same time and place as the type 
male specimen, were found in a vial with specimens of H. aphrodite. 
There seems no reason to doubt that these are the females of H, spinosa, 
hitherto undescribed. 

Female imago (alcoholic specimen). Body 7 mm.; wing 7 mm. Yel- 
lowish. A purplish black spot between eye and lateral ocellus. Black- 
ish mottling on occiput. Antennal filament somewhat dusky. Median 
portion of posterior margin of pronotum blackish; blackish markings on 
posterior half of pronotum, along median line. Mesonotum deeper 
yellow; scutellum pale. Posterior and lateral margins ofmetanotum, 
and triangular areas on each side of pale median line, purplish black. 
Purplish shadhig at bases of wings. A narrow, blackish line at apex of 
fore femur, another along inner margin near apex. Tarsal joinings 
and line at apex of tibia, narrowly black; distal joint of tarsus, and 
claws, dusky brownish. Other le^ similar, but dark lines at joinings 
less CGUfipicuous. Basal joint of hind tarsus slightly longer than the 
second jomt. Longitudinal veins in basal half of fore wing pale yel- 



1 BS 7 ] Mayflies of Sotjtheastekn States 43 

lowish, except in cubito-anal region, where they are silvery white; cross 
veins not visible. In apical hall of wing, both longitudinal and cross 
veins are visible, pale yellowish brown; longitudinals slightly heavier 
than others. 

A wide, dark purplish band occupies the posterior half of tergite 1. 
Tergite 2 largely overlaid with purplish grey shading, leaving as pale 
areas the lateral margins, median line, and submedian semicircular 
spots on anterior margin. Median area of posterior margins of ter- 
gites 3~6 purplish. Purplish brown shading on median portion of 
subanal plate. This plate is somewhat conical, margin entire; extends 
slightly beyond the apex of tergite 10. Tails yellowish, basal half 
tinged with brown; joinings in this portion purplish black. 

Allotype — FeiXale imago. North Fork, Swannanoa River near 
Black Mt., N. C., June 30, 1930. No. 1115.2 in C.U. Collection. 

The type locality was re-visited during 1936, in the hope of obtaining 
nymphs and more images of this unusual species of Heptagenia. I 
quote from my field notes regarding the present condition of this stream, 
which is the type locality also for several unique species of aquatic 
insects described by Dr. Banks. ‘Tished in Swannanoa River at Black 
Mt. (no luck, very little aquatic life), and in the North Fork. The 
latter is entirely ruined, in the part where I used to fish, apparently by 
silt pollution. A gravel company is excavating a big area beside and 
above it ; the course of the stream has been changed, and the aspect of 
the whole is different. Found practically no aquatic life but snails; 
the stones are covered with a dirty-looking sediment; the stream does 
not look clear and inviting any more.^' It is most unfortunate that 
this beautiful stream, once so rich in aquatic life, has become so barren. 

Genus Rhithrogena Eaton 

In 1929 and 1930, I obtained partial life histories of four species of 
this genus, all of which seem to belong to the anomala group. These 
four were described as new species, while two others, of which only the 
nymphs were known, were designated respectively as Rhithrogena sp. 
No. 1 and Rhithrogena sp. No. 2. One of the first group, R. uhari, is 
a piedmont species, and probably does not occur in the Appalachian 
region. In 1936, four species and a possible fifth were taken in the 
mountain area of the state. Two have not been recorded before from 
North Carolina; one of these is a new species. Members of the genus 
Rhithrogena seem to be quite local in distribution, as no individuals 
of the species R, exilis or R. fusdfrons were taken during this season's 
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collecting. The type localities were not visited, as headquarters were 
too far from these points to make feasible the transportation of nymphs. 
Both Ehithrogena and Iron nymphs die quickly when transported far 
from their native streams, hence I was unsuccessful in completing these 
life histories. 

Khithrogena arnica Trav. 

This species, described from specimens taken near Ithaca, N. Y., is 
represented in material collected in the vicinity of Valle Crucis. It is 
a new record for the state of North Carolina. Careful comparison of 
n3rmphs and imagos, the latter both dried and in alcohol, with the 
type material, shows that there is little difference between the New 
York and the North Carolina forms, aside from the smaller size of the 
latter specimens. The imagos from North Carolina are somewhat 
more ruddy as to leg and body markings, but are otherwise similar. 
A few specimens were reared, but in several cases it was not possible 
to find the nymph sloughs in the rearing cages. In Khithrogena, these 
sloughs are either very fragile, so that they disintegrate quickly in 
flowing water, or else they are fed upon by other nymphs in the cages. 
Imagos were captured in flight, and many nymphs were taken. Imagos : 
Valle Crucis, May 30-June 10 (L. C. Thomsen, J.R.T.) ; Heaton, June 
3; near Banners Elk, June 8; Cranberry, June 8. Nymphs: Valle 
Crucis, May 25-30; Heaton, June 3-6; Banners Elk, May 31. Other 
nymphs were collected by Prof. Needham on Apl. 3, 1934, in Twenty- 
Mile Creek, Great Smoky National Park. 

Rhithrogena fasciata Trav. 

Mature nymphs of this species were quite numerous in Cove Creek, 
north of Vilas, on June 9. From these, one male and four female imagos 
were reared. The female of this species has not been described pre- 
viously. A single nymph, taken near Blowing Rock, on June 7, is 
probably of this species. 

Female imago (alcoholic). Body 8-8i mm.; wing 8-9 mm. Head 
flesh-colored. Usual small dark mark below antenna; one large and 
one or two small black dots on each side, beneath clypeus. Narrow, 
median, purplish line on median carina (not present on one specimen). 
A faint dusky or pale purplish band across back of head between eyes, 
extending forward laterally along margin of eye. Antennal filament 
dusky in basal portion. Pronotum flesh-colored; anterior, posterior, 
and lateral margins narrowly darkeqed; a short, dark streak in postero- 
lateral angle. In well-marked specimens, a dusky triangular area on 
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each side of median line. Mesonotum greenish yellow; scutellum and 
two small areas anterior to it brownish, in dark specimens; postero- 
lateral fold, and narrow line along antero-lateral margin, dull purplish. 
Metanotum greenish yellow laterally, median portion brown. Pleura 
greenish yellow; a dull purplish streak anterior to wing base; brownish 
markings above legs. Sternum flesh-colored; posterior half of meso- 
stemum, and outlines of other median sclerites, red-brown. 

Legs greenish yellow. Customary dark spot on each femur; short, 
black, longitudinal streak near apex, on inner margin; narrow dark 
band at apex. Apex of tibia, outer portion of tarsal joinings, apex of 
distal tarsal joint, and claws, dusky. Wings hyaline. Longitudinal 
veins in both wings light purplish brown, paler in anal areas; humeral 
cross vein somewhat deeper in color. Cross veins along costal margin 
and in apical portion of fore wing pale brownish, elsewhere almost in- 
visible. 

Dorsum of abdomen red-brown with a distinct purplish tinge. Inter- 
segmental areas and lateral fold, whitish. Pale median line on each 
tergite; pale, oblique, submedian streaks on basal and middle tergites, 
and a pale dot near end of each; on apical tergites, pale submedian dot 
only. Posterior margins of tergites darkened in middle area, paler 
laterally. On each tergite, near lateral fold, an irregular, scroll-shaped, 
dark mark. Stemites much paler than tergites; pinkish, with no dark 
markings except an indistinct brownish line on basal segments, near 
lateral fold. Posterior margins narrowly pale whitish. Tails yellow- 
ish, joinings narrowly purplish red. 

Allotype — Female imago, reared from nymph. Cove Creek, north 
of Vilas, N. C., June 9, 1936. No. 1121.2 in Cornell University Col- 
lection. 

The male imago from Cove Creek is somewhat larger and stouter 
than the holotype, — wing 8 mm. instead of 7 mm. (incorrectly given in 
original description as 6 mm.). The following additional notes on the 
species are presented from this more recent specimen. Thorax and 
apical abdominal segments red-brown, contrasted with the purplish 
brown basal and middle segments (type specimen paler, less contrast in 
color). Laterally on each tergite, a semicircular paler area is enclosed 
by a darker line, which is widened on the inner margin into an oblique 
streak extending inward and backward from the antero-lateral angle. 
Pale submedian streaks and dots on tergites, as in female. Sternitfes 
very pale purplish brown, apical ones darker; brown lateral streaks on 
basal segments; ganglionic areas faintly smoky. Tails pale, but tinged 
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faintly with red-brown at base; joinings ptirplish. A re-examination 
of the holotype shows that the tails, instead of being wholly whitish 
and unmarked, as stated in the original description, are brown-tinged 
basally, joinings very faintly darker. Longitudinal veins of the holo- 
type are faintly tinged with purplish, not wholly yellowish, as originally 
stated; all cross veins invisible. I present a new figure of the genitalia 
of the holotype, drawn after these structures were treated in KOH and 
re-mounted (see fig. 4). 

Rhithrogena nibicunda sp. nov. 

A small reddish species of the anomala group, allied to /?. fasciata, 

Male imago (specimen in alcohol). Body 8 mm.; wing 8-8i mm. 
Head yellowish, with ruddy shading between eyes on posterior margin; 
a faint purplish line along median carina. Black semicircular mark 
below antenna; one large and one small black dot beneath clypeus. 
Antenna dusky; apex of basal segment black-ringed. Thorax reddish 
brown, notum and sternum darker than jjlcura. Pronotum margined 
and shaded with purplish black. Scutellum, two large areas anterior 
to it, and posterior margin of mesonotum on each side of scutellum, 
deeper brown. Anterior to wing roots, two purplish streaks: one di- 
rected obliquely laterad, the other extending along antero-lateral mar- 
gin of mesonotum. Metanotum blackish brown except for paler an- 
terior and lateral margins. Pleura light red-brown; a few dark brown 
markings above leg bases. Posterior margin of prosternum purplish 
black; middle sclerites of other segments of sternum outlined in dark 
brown. 

Legs yellowish amber. Fore tibia with faint ruddy tinge. Narrow 
band at apex of fore femur, tip of tibia, joinings of basal and second 
tarsal joints, claws, and most of distal joint of tarsus, rather dark red- 
brown. Usual purplish black median spot on femur. On middle and 
hind legs, the tarsi are faintly shaded with ruddy brown; all tarsal 
joinings dark red-brown. A small, black mark near apex of each 
femur; no apical band. Median spot on hind femur somewhat elon- 
gated. Wings hyaline. Longitudinal veins and humeral cross vein 
light purplish l^rown, those of costal margin heaviest. Cross veins in 
anterior and apical areas of fore wing similarly colored but fainter, not 
as heavy as longitudinals but plainly visible. Cross veins elsewhere in 
both wings paler, becoming, silvery white and almost invisible in anal 
areas. About 4 costal cross veins before the bulla, each sagged basad 
in middle; beyond bulla, about 3 cross veins before stigma. 14 or 15 
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stigmatic cross veins, more or less anastomosed, several of them some- 
what aslant; faint milky cloud in stigmatic area. 

Abdomen dark purplish red dorsally; paler ventrally, but with 
distinct purplish red tinge; semi-hyaline. Apical segments often with 
faint yellowish shading. Posterior margins of all tergites reddish black, 
of all sternites deep rose to purplish red, so that abdomen appears 
annulate with reddish. Pale, somewhat semicircular areas near lateral 
margin on each tergite, enclosed by darker line, are much less prominent 
than in R. fasciata, A pair of submedian, pale dots on each basal and 
middle tergite; on basal ones, traces of a pale median line in anterior 
portion. Lateral fold brownish; sternites pale next to tliis fold; gan- 
glionic areas faintly indicated as whitish spots. Tails yellow, somewhat 
ruddy at extreme base; all joinings narrowly deep purplish red. Geni- 
talia as in fig. 1 . 

Female imago (specimen in alcohol). Body 8 mm.; wing 9~9J mm. 
Similar to male, except as indicated. Head often without ruddy or 
dusky shading (see notes on paratypes, however, particularly pinned 
specimens). Thorax somewhat paler than in male, yellow-brown with 
an olive tinge. All legs similar to middle and hind legs of male, but 
tarsi not noticeably darker than other joints. Longitudinal veins with 
a distinct amber tinge; cross veins visible also in disc of wing. Abdo- 
men more or less opaque, except in spent females. Venter less dis- 
tinctly ruddy-tinged, but reddish annulations of all segments evident. 
Egg valve and 8th sternite purple-tinged. Tails usually not ruddy at 
base. Lateral margin of 9th tergite with more or less purplish red 
shading. Considerable variation, also, as to depth of color of both 
thorax and abdomen; some paratypes are fully as ruddy on tergites 
and sternites as the type male. Others show ruddy or powder-white 
markings on pleura. In one specimen, the scutellum and adjacent 
areas are ruddy; distinct ruddy shading also, on posterior part of head. 

Male (dried). Entire head, except narrow frontal margin, flushed 
with red. All femora very deep amber; fore tibia without reddish 
tinge; tarsi duller and paler than tibiae. Wings highly iridescent. 
Veins appear much paler than in alcoholic specimens. Dorsum of 
abdomen dark red-brown with purplish tinge; apical tergites bright 
red-brown. Greater contrast in color between dorsum and venter than 
in alcoholic specimens. Pale dots and pale lateral areas on tergites 
almost invisible. Anterior margins of basal and middle tergites nar- 
rowly pale; sternites 8 and 9 brighter reddish than preceding ones. 
In one specimen, from Valle Crucis, eyes deep purplish black (wholly 
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blackish in others). Scutellum and adjacent areas distinctly reddiiSi. 
Tergite 10, and lateral margins of 9, bright yellowish orange. Wing 
veins almost whitish, except those on costal margin. 

Female (dried). Entire head reddish. Distinct contrast between 
dorsum and venter of abdomen. Tergites 1-6 dull, dark red-brown 
with purplish tinge; 7 slightly paler; 8-10 much paler, with yellowish 
instead of purplish tinge. Venter paler purplish red. 

Holotype — Male imago (dried). Banners Elk, N. C., June 5, 1936 
(J. R. Traver). No. 1468.1 in Cornell University Collection. 

Allotype —Female imago (dried). Banners Elk, N. C., June 8, 
1936 (J. R. T.). No. 1458.2 in C. U. CoUection. 

Paratypes — Seven male images, eleven female images; Valle Crucis, 
N. C., May 25-June 8, Banners Elk, N. C. June 5-8, 1936 (J. R. T., 
L. C. T.). Some dried, others in alcohol. No. 1458.3-20 in C. U. 
Collection. 

This species is about the size of 22. fasdata, and of small specimens of 
22. arnica. From the former it may be distinguished by the reddish 
annulations of the abdomen; less prominent lateral pale areas on ter- 
gites; cross veins on wing of male visible in anterior and apical areas. 
The distinct contrast in color between dorsum and venter of abdomen, 
and the almost total lack of reddish shading on pleura and femora, as 
well as the paler and less prominent wing veins, separate it from small 
specimen of arnica. In genitalic type, it is quite close to fasciata; how- 
ever, the apical portions of the penes are thicker, more rounded, while 
the spatulate process on each division of the penes is distinctly wider. 

I do not know the nymph of this species, as images were taken only in 
flight. There is a possibility that the nymphs I am describing as 
Rhithrogena sp. No. 3 may be the immature forms of rubicunda. These 
nymphs occurred in considerable numbers in the same streams above 
which I took the adults of rubicunda. Seeming evidence against this 
theory is that the nymphs were not yet mature on June 10, although 
imagos of rubicunda were taken as early as May 25. The only mature 
nymphs taken from streams in this area, during the period of flight of 
rubicunda^ were those of arnica, and smaller specimens which I cannot 
distinguish from typical arnica. These I assume to be the nymphs fron^ 
which came the small specimens of apparent arnica, mentioned previ- 
ously. So similar in general appearance are the imagos of many species 
of Rhithrogena, that it was only after mounting the genitalia and com- 
paring the specimen point by point in the laboratory that I realized 
there were two species among the specimens, all of which I had assumed 
to be arnica. 
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Khitibrogena sp. No. 2 

The nymph of this species was described in my previous paper on the 
Heptageniidae of the state.* A few of the orange nymphs were col- 
lected during 1936 from that tributary of the Rocky Broad River which 
flows through Lecky Gap; from these a single female imago was reared. 
A male subimago died when half out of its nymphal skin; genitalia not 
sufficiently developed to show details of structure. The femoral mark- 
ings of the imago indicate that it is a member of the anomala group. 
Since the nymph slough of the female imago could not be found, and 
since further, the female bears a marked resemblance to those of two 
other species of this group, I am holding the specimens under the 
original designation. 

Female imago. Body 7 mm.; wing mm. Head pale yellowish; 
usual dark mark below antenna. A narrow purplish black line on pos- 
terior margin of head, slightly widened at each end, near eye. Fila- 
ment of antenna dusky. Thorax, including scutellum, yellowish. An- 
terior and posterior margins of pronotum very narrowly darkened; a 
small area of purplish shading laterally, just above leg base. Postero- 
lateral areas of mesonotum below scutellum shaded with purplish. 
Metanotum largely purplish brown. Posterior half of mesostemum 
brownish. On pleura, a small dark spot just above bases of middle and 
hind legs. Very minute dark dot at antero-basal angle of middle and 
hind coxae; on middle coxa, small dark dots also at postero-basal and 
postero-apical angles. 

Legs pale yellowish; each femur with usual purplish black median 
mark (not streak). Tarsal joinings, claws, narrow line at apex of tibia, 
and somewhat wider mark at apex of femur, darkened. Wings hyaline. 
The first four longitudinal veins of the costal margin are pale purplish 
brown, as are also the cross veins between them; subcosta of hind wing 
similarly colored. All other veins and cross veins silvery white, the 
latter almost invisible. 

Abdomen yellowish with pale pinkish tinge. Tergites 1-8 shaded 
with purplish, most apparent on tergite 3. Intersogmental areas paler; 
posterior margins of apical tergites appear narrowly darker. Lateral 
margin pale. Stemites paler than tergites; intersegmental areas whit- 
ish. Tails yellowish, tinged in basal portion with very pale red-brown; 
joinings narrowly darker. 

* 1^— Traver, J. R. Mayflies of North Carolina, Pt. III. The Heptagefi- 
inae. J. Elisha Mitchell Sci. Soo. 48: 172. 
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The female imago is very similar to that of the aUied species 
exilis and R. fuacifrona. From each of these it may be distinguished by 
the absence of definite darker posterior margins on the basal and middle 
tergites. The dark posterior margin of the head separates it from 
exilis \ the entire body, particularly head and thorax, are much paler 
than in fuscifrons, 

I note that in nymphs taken in the past season the entire head is 
thickly freckled with small dark dots; however, specimens from pre- 
vious collections do not show this character. Posterior margins of all 
tergites narrowly darker. Two small dark, submedian dots near an- 
terior margin; between and connecting them, a narrow, dark, transverse 
band. The nymph of R, uhari is likewise uniformly orange on the dor- 
sum, but considerably paler than Rhithrogena sp. No. 2. The femora 
also are much paler, the head somewhat narrower, the gills (in life) 
distinctly grey. It is difiScult to distinguish the nymphs of Rhithro- 
gena sp. No. 2 from dark forms of fasciata, in alcoholic material, except 
for the deeper and more unifonn orange color of the dorsum. I believe, 
however, that Rhithrogena sp. No. 2 is worthy of specific rank. 

Rhithrogena sp. No. 3 

Known only in the nymphal stage. A species of the anomala group; 
very similar to R, fuscifrons in general appearance, but more strikingly 
banded with alternating dark and pale areas. 

Nymph, Body of immature nymphs, 6-8 mm.; tails 7 mm. Head 
as in well-marked specimens of fuscifrons. Large chestnut brown patch 
occupies middle area of head, from frontal margin backward between 
bases of antennae, and lateral ocelli, to posterior margin. Lateral por- 
tions yellowish, except for a light brown spot near outer margin, laterad 
of each eye. Antennae yellowish brown; in distal portion paler, joints 
shaded with purplish black, a black spot at each joining. Pronotum, 
and anterior portion of mesonotum to base of middle leg, dark red- 
brown ; a few very faint paler markings on pronotum, two dark streaks 
on mesonotum between wing bases. Posterior portion of mesonotum, 
wing cases except at base, and entire metanotum, yellow. Fore and 
middle femora yellow in apical half or third; basal portion dark red- 
brown, with dsual irregular pale median patch and purplish median 
spot. Tibiae yellowish, brown along outer margin, ‘knees’ brown; 
tarsi red-brown. Hind femur brown except for pale median streak 
in basal half; usual purplish median spot. Tibiae and tarsi as in 
other legs. Ventrally, dark brown markings near bases of fore and 
middle legs. * 
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Abdominal tcrgites 1-2 and 8-10, wholly pale yellowish; tergite 7 may 
be wholly pale, or dark in basal half. Tergites 3-6, and sometimes base 
of 7, dark red-brown. Inner half of each gill on segments 2-5, and basal 
inner portion of gill on segment 6, deep purplish ; gills of first and seventh 
pairs, and remaining portions of others, pale creamy white. Gill tufts 
purplish grey. In a female nymph slough, only the basal portions of 
gills on 2-5 are darkened. All stemites pale yellowish, unmarked. 
Tails yellowish brown; a narrow dark ring at each joining. 

These strikingly-marked nymphs were quite numerous in the streams 
at Valle Crucis and in several streams near Banners Elk, from May 25 
to June 10; up to this time, no mature nymphs had been seen. On 
June 11, I moved to Penrose. No nymphs of this species were found 
other than in the Valle Crucis region. A single female nymph slough 
was found in a rearing cage with a female imago, on June 6, and I sup- 
posed that this nymph slough belonged to the imago. Examination of 
it in the laboratory, however, showed that the wing cases were not long 
enough for those of a mature nymph. The female imago taken with it 
appears to be of the species arnica, and I have no adults of Rhithrogena 
sp. No. 3. See note under R. ruhicunda. 

Nymphs of Rhithrogena sp. No. 3 bear a close superficial resemblance 
to those of fusdfrons. The following differences may be noted: (1) 
larger size; (2) pale strip including posterior half of mesonotum, all of 
metanotum, and the two basal segments of abdomen (in fusdfrons, en- 
tire thorax brown, usually also tergites 1 and 2) ; (3) broxvn apical area 
of third femur, as contrasted with yellow in corresponding areas of fore 
and middle legs (apices of all femora yellow in fusdfrons); and (4) the 
prominent purplish areas on the middle gills. 

Rhithrogena sp. 

Adult females of an undetermined species of this genus were taken at 
Valle Crucis by Dr. Lillian Thomsen, May 27-30, 1935. These females 
are very similar to R. arnica in general appearance, but larger. Body 
10-11 mm.; wing 12-13 mm. 

A single nearly mature nymph of a small species was collected in the 
Davidson River on June 20. Wholly whitish except for a very small 
median purplish mark on each femur, and a row of relatively long, dark 
spines on the posterior margin of each. Body 5 mm. • 

Genus Cinygmula McD. 

Cinygmula atlantica McD. 

A new state record, unless this species is really synonymous with 
C. subaeqyalia Bks. Dr. Banks' specimens were taken from the North 
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Fork of the Swannanoa River in May. As stated previously, this 
stream supports no aquatic insect life at the present time. Mature 
nymphs of C. atlantica were found at Valle Crucis, Banners Elk, and 
Heaton, during the last week of May, but were by no means numerous. 
Attempts to secure a male imago were unsuccessful, but three females 
were obtained by rearing the nymphs, and one was taken in flight. 
The latter specimen is slightly larger than the reared forms, but similar 
in other respects. Females and nymphs have been compared with 
reared specimens of atlantica from the vicinity of Ithaca, N, Y. Ima- 
gos: Valle Crucis, May 28-30. 

Genus Iron Eaton 

In a previous paper* I have designated two groups of species in this 
genus, which occur in North Carolina, distinctions being based prin- 
cipally on nymphal structures. These are respectively, Group I, the 
humeralis-rubidus allies; and Group II, species of the dispar type. A 
third division, Group III, which includes species of the longimanus 
type, is represented in my collections of last summer. Nymphs of 
Group III may be characterized thus: (1) Gills of first pair have the 
anterior lobe greatly developed; this pair of gills is considerably larger 
than any succeeding pair; and the anterior lobes lie under the body of 
the nymph, tending to approach one another. (2) Gills of seventh 
pair tend to meet beneath body of nymph. (3) Head definitely widest 
near frontal margin, as in Group II. (4) Postero-lateral spines on 
middle abdominal segments relatively short and rather blunt, as in 
Group II. (These spines are present on segments 1-7, in all Iron 
nymphs, but are poorly developed on the basal segments.) 

Species of the genus known to occur in North Carolina are as follows. 
Group I , — L rubidus Trav., L subpallidus sp. nov. (designated origi- 
nally ELS Iron sp. No. 2), and Iron sp. No. 1, a piedmont form; Group II, — 
I. dispar Trav. and Iron sp. No. 4; Group III, — 1. confusus Trav. and 
Iron sp. No. 5. 

Iron rubidus Trav. 

As originally ^escribed, males of this species ranged in body size from 
8 to 9 mm.; females from 9 J to 11 mm. It should be noted here that 
the other specimens among the type material are somewhat larger. 
Thus, several males have a bpdy and wing length of 10 mm., while some 

• 1933 — ^Traver, J. R. Mayflies of North Carolina, Pt. III. The Heptagen- 
Inae. J. Elisha Mitchell Sci. Soc. 48: 156. 



1987] 


Mayflies of Southeabteen States 


53 


of the females reach 12 mm. in length. There is considerable variation 
also as to body markings and depths of color of the thoracic notum in 
the male. During 1936, I collected several nymphs of rubidus from 
Lecky Gap, others from Chenyfield, and from these was able to rear 
a few images. From a pinned male specimen (Lecky Gap, June 20) 
I present the following additions to the original description, which was 
drawn from a specimen in alcohol. 

Male imago (dried). Eyes deep red-black. Entire head suffused 
with bright red. Thorax deep yellow. Pronotum largely suffused 
with bright red. Posterior and lateral margins and oblique lateral 
line, black. Scutellum and posterior margin of mesonotum blackish, 
as are the median projection and posterior margin of metanotum. 
Reddish shading anterior to wing base and on pleura above each leg. 
Black markings above leg base quite prominent. Narrow reddish line 
along anterior margin of mesosternum; median area of this sclerite red- 
tinged in posterior half. Fore femur largely ruddy; black bands prom- 
inent. Fore tibia with reddish flush; tarsus wholly pale yellowish 
white. On middle and hind legs, femur amber yellow, reddish only at 
apex; purplish streak on margin near median dark mark. Tibia red- 
tinged except in median area; tarsus pale. Abdomen yellow, venter 
rather paler than dorsum. Basal tergites shaded laterally with pur- 
plish. Middle and apical tergites with distinct rose-red lateral patches 
based on posterior margin, these being most prominent on tergite 8. 
Whitish area next to pleural fold, on tergites 9 and 10, and on lateral 
portions of sternites 8 and 9. 

Many nymphs were taken in and near Valle Crucis, during 1936, 
which very much resemble those of rubidus, but seem a trifle larger; gills 
purplish red; color of body olive brown in life. From these, many 
images were reared, and various others of both sexes were captured in 
flight. Although showing some variation, both as to size and mark* 
ings, from type material of rubidus, I can point to no charactqr or con- 
stant marking by which either nymphs or images may be distinguished 
from rubidus. The nymphs are doubtless those to which I referred in 
a previous paper as Irou sp. No. 3. I propose to regard these speci- 
mens, for the present at least, as Iron rubidus, dark form. Since, 
however, they may represent a distinct species, I present descriptions of 
both sexes, from pinned specimens. 

Iron rubidusi dark form 

Male imago. Body lOi mm.; wing 10| mm. Head creamy white 
between eyes, elsewhere suffused with red. Antenna wholly dusky. 
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Thorax rather darix red-brown. Purplish red shadings laterally on pro- 
notum. Very deep red-brown median strip extends Itogth of mesono^ 
turn. Scutellum, postero-lateral margins, and posterior margin, black. 
Anterior to scutellum, two paler reddish streaks. Prominent black 
markings on pleura; black streak above fore leg. Median portion of 
posterior half of mesostemum deeper brown, enclosing two reddish 
.submedian streaks. Fore femur deep amber brown, faintly red-tinged; 
tibia paler, red-ringed; tarsus pale grey, last two joints dusky, all 
joinings and claws darker. Other legs similar but paler; no red flush 
on tibiae; apical half of tarsi distinctly dusky; usual dark mark on 
femora. Longitudinal veins yellowish; cross veins paler, but visible 
throughout most of wing. 

Abdomen pale yellowish white, middle segments largely hyaline. 
Posterior margins of tergites narrowly purplish black; more or less 
pale brown shading laterally and along posterior margin (leaving area 
next to pleural fold whitish) ; small brown mark at each spiracle. Short 
black streaks on posterior half of median line, on middle and apical 
tergites; may be absent from basal ones. Tergites 8-10, and stemites 
8 and 9, opaque, with alabaster markings on an orange-red background. 
Tips of forceps smoky. Tails smoky brown at base, becoming paler 
distally; indistinctly pale at joinings. 

Variations of the above. All femora flushed with reddish brown; 
tarsi wholly dusky. Dorsum of abdomen more or less suffused, except 
in pale area next to pleural fold, with orange-brown, more intense on 
apical tergites. Rose markings on apical portion of forceps base. 

Female imago. Body 10i~ll mm.; wing 12-13 mm. Head, pos- 
terior to lateral ocelli, creamy with very faint pink flush; anterior por- 
tion of head reddish. Pronotum reddish brown, margined and shaded 
with black. Remainder of thorax rosy, with extensive creamy white 
markings. Black pleural markings as in male. Fore femur red-brown, 
others apiber-brown; usual dark median spot. Tibiae greyish, tinged 
at each end with lavender. Tarsi dusky at tips, elsewhere greyish, all 
joinings darker. Humeral cross vein almost wholly purplish (in male, 
pale next to costal margin). Dorsum of abdomen, except pale lateral 
area, flushed with brown or orange-brown (reddish, l)efore eggs are laid) 
Otherwise as in male. 

Iron subpallidus sp. nov. 

Iron sp. No. 2 in Traver, L Elisha Mitchell Sci. Soc. 48; 160. 1933. 

A member of the humercdis-ruhi^ua group. Distinct by reason of 
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the relatively short postero-lateral spines on abdomen of n3rmph. 
Imago rather pale. 

Male imago (alcoholic specimen). Body 11 mm.; wing Hi mm. 
Very similar to /. rubidus, but paler and somewhat larger. Head pale yel- 
lowish; bases of ocelli blackish; antennal filament dusky, two very small 
black dots beneath clypeus. Eyes slightly larger than in rubidvs, 
contiguous apically (in some specimens of rubidua, eyes do not quite 
meet dorsally). Thorax pale yellowish brown, paler than in rubidus. 
Posterior and lateral margins of pronotum not darkened; lateral oblique 
dark dash on this sclerite reduced to a faint trace; very pale brownish 
shading on posterior half. Two purplish spots on pleura, above leg 
base. Scutellum of mesonotum, and posterior margin of sclerite on 
each side of scutellum, dark brown. A pale band along median area of 
mesonotum. Metanotum yellowish; median projection and posterior 
margin brown. One small black spot and faint black pencilings on 
pleura above base of each leg; much less prominent than in rubidus. 

Fore femur brownish yellow; tibia yellow, tarsus yellowish white; 
tip of tibia dusky; median purplish spot on femur, no other markings, 
other than a very small dark mark on each coxa. Middle and hind 
legs yellow; tarsi shaded with pale brown, joinings darker. Hind tibia 
about I as long as femur. Wings hyaline; faint milky cloud in stig- 
matic area. Humeral cross vein deep purplish black in posterior half, 
white next to costa. Longitudinal veins in anterior and apical portions 
of fore wing pale yellow, all other veins pale, practically invisible. 
Abdomen yellowish white. Short dark marks on median line of each 
tergite, as in rubidus; posterior margins of tergites faintly shaded with 
dark grey, in median area only. No oblique, lateral streaks nor short, 
dark dashes near spiracles; no darker shading on tergites. Apical 
segments yellow. Tails smoky at base, pale distally. Genitalia very 
similar to rubidus. 

Female imago (alcoholic specimen). Body 12 mm.; wing 14 mm. 
Similar to male, except as indicated. Small dark dot on median line 
of pronotum, near to middle of sclerite; lateral margins of pronotum 
very faintly greyish. All legs similar to middle and hind legs of male; 
tarsi concolorous with tibiae, joinings slightly darkened. Longitudinal 
veins of fore wing very pale yellowish brown except in anal region; cross 
veins in apical portion similar, distinct; elsewhere pale, invisible. 
About 10 stigmatic cross veins; 3 between bulla and stigma, basal cos- 
tals very faint. Two dark dots on coxae of middle and hind legs, one 
only on fore coxa. 
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Nymph, Described previously, as Iron sp. No. 2. A comparison 
of the postero-lateral spines on segments 6-7 of n 3 rmphs of rvbiduB and 
mbpaUidua is shown in figs. 18 and 19. This nymph is unique among 
others of the humeralis group, because of the relative shortness of these 
spines, which do not much exceed in length the postero-lateral spines 
of nymphs of the hngimaniLB group. 

Holotype — Male imago, reared. Cedar Creek near GlenviUe, N. C., 
June 20, 1936. No. 1457.1 in Cornell University Collection. 

Allot 3 rpe — ^Female imago, reared. Same locality, June 21, 1936. 
No. 1467.2 in C. U. Collection. 

Paratypes — One female imago, reared. Same locality, June 16, 
1936. Two female imagos, reared; in same locality, July 10, 1930. 
No. 1457.3-5 in C. U. Collection. 

Iron diqiar Trav. 

Several nymphs of this species collected at Valle Crucis were reared, 
and imagos of both sexes obtained. No imagos were taken in flight. 
Imagos: Valle Crucis, May 25-June 10; and Cherryfield, June 25. 
Nymphs: Valle Crucis, during same period (J. R. T.), and in autumn of 
1934 and 1935 (L. C. Thomsen); Foscue, May 25; Forney's Creek, 
Aug. 26, 1931 (J. G. Needham); Deep Creek, Aug. 25, 1931 (J. G. N.); 
Twenty Mile Creek, Apl. 3, 1934 (J. G. N.). The last three localities 
are in the Great Smoky National Park area. The nymphs from For- 
ney's Creek were previously included in the vial with specimens of 
Iron sp. No. 4, 

Iron sp. No. 4 

Only two specimens of this species, from Forney's Creek, Aug. 26» 
1931 (J. G. Needham). These nymphs are quite similar to J. diapar, 
but distinguished from that species by the dark red-brown abdominal 
tergites and the distinctive reddish brown shading on the abdominal 
stemites. 

Iron confusus Trav. 

This species, a member of the longimanus group, has not been pre- 
viously recor(Jed from North Carolina. Imagos agree well with the 
type specimens taken in the vicinity of Ithaca, N. Y. Nymphs vary 
from the New York forms as follows: (1) Ventral markings of last three 
abdominal segments usually more extensive, consisting of lateral streaks, 
a pair of submedian spots near anterior margin, and two smaller dots 
posterior to these; (2) anterior lobes of first pair of gills may be more 
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prolongedi and so held by the nymph as to be approximated beneath 
the body; (3) median line of short, fuzzy hairs on abdominal tergites 
more evident. (Such hairs, usually short and inconspicuous, occur on 
many Iron nymphs, but are much shorter and weaker than in nymphs 
of the genus Ironodes.) 

There is a possibility that the species I, confuma Trav. is synonymous 
with /. fragilia Morg, ; in that case, however, the size limits of fragUia 
would have to be considerably extended. The only bona fide nymphs of 
fragilia that are in the Cornell collection are in such poor condition that it 
is not possible to be certain whether the gilJs of the first pair actually 
meet beneath the body, as indicated in Prof. Needham's figure.* None 
of the images of this species which were reared by Dr. Morgan are now 
in existence. Nymphs of confusua agree well in size with the nymph 
described by Prof. Needham as Iron sp. (8 to 10 mm., depending on 
the sex of the nymph; he states 9 mm.). However, the imago of fra- 
gilia, on which the description of the species is based, is stated to have 
measured but 7 mm., wing 7 mm.; confuaua has a body length of 9 to 
10 mm., wing 10-11 mm. Until this apparent discrepancy in size can 
be unraveled, we retain the name confuaua for the larger forms. It 
should be noted that the nymphs of confuaua typically hold the gills 
of the first pair so that the anterior lobes are not directed toward one 
another beneath the body. However, it is possible to move them, on 
a dead nymph, so that the tips almost meet. I note, further, that 
many specimens of typical confuaua nymphs do have faint dark spots 
on the abdominal tergites; an apparent statement to the contrary 
appears in my key to Iron nymphs (Biology of Mayflies). 

Several nymphs of this species were reared, and a few imagos taken 
in flight. The period of flight is in the early evening, just after sunset. 
Imagos: Valle Crucis, May 27-June 6; and Banners Elk, May 31- 
June 8. Nymphs: from above localities; also North Toe River at 
Minneapolis, June 8; and Heaton, June 3. Other specimens were taken 
by Prof. Needham from Twenty Mile Creek in the Great Smoky Mts., 
Apl. 3, 1934. 

Iron sp. No. 5 

Nymphs of this species were collected in Dutch Creek, Valle Crucis, 
on Feb. 26, 1936 (L. C. Thomsen). None are fully mature; some 
appear to be only half grown. Male nymphs, body 10 mm.; female 

• 1905 — Needham, J. G. (Ephemerida in) Mayflies and Midges of New York, 
N. Y. State Mus. Bull. 86: 57, PI. 7, figs. 6-7. 
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nymphs, 12-13 mm. In alcohol, the general body color is dark red- 
brown tinged with olive. Dark markings on occiput between eyes and 
ocelli, and a V-ehaped mark from base of antennae to frontal maigin. 
Indistinct dark scroll-like markings on notum. Base of femur, knee, 
tip of tibia, and entire tarsus, blackish, on each leg. l^ale hatchet- 
shaped mark on basal half of femur; in head of hatchet, the usual purple 
spot. Anterior and posterior margins of all tergites narrowly black. 
Dark, paired, submedian spots usually present on tergites 3-9. Gills 
brown on outer margin; a white strip occupies remainder of outer half; 
inner half of each, pale purplish. Gills of first pair may meet beneath 
body of nymph. Tails red-brown, joinings blackish. Venter marked 
as in confums. 

Other nymphs very similar to the above are from Twenty Mile Creek, 
Great Smoky Nat. Pk., Apl. 3, 1934 (J G. Needham). In these 
nymphs, the hairs on the median line of the abdominal tergites are 
better developed than in any others of the genus Iron which I have 
studied. Otherwise they agree well with the nymphs from Valle 
Crucis. 


Family baetidae 
Subfamily Siphlonurinae 
Genus Ameletus Eaton 

No imagos of this genus were collected, nor do I have any nymphs 
among my specimens. However, many nymphs were collected by Prof 
Needham in April 1934, in certain areas of the Great Smoky National 
Park. 

Ameletus sp. No 2 

1932 — Traver, J. R. — J. Elisha Mitchell Sci. Soc. 47: 199. 

Mature nymphs which seem to be of this species are from Twenty 
Mile Creek and Big Creek in Walnut Flats, Apl. 3-7 (J. G. N.). Many 
of these specimens are more uniformly red-brown dorsally than is indi- 
cated in my previous description. Yellow areas present on all tergites: 
postero-laterftl angles; lateral patches; traces of pale median line basally, 
on apical tergites. A pair of dark, red-brown, submedian streaks in 
anterior half of each tergite. Inner margin of gill may appear brown- 
ish or both margins may 1>e yellow. In some well-marked specimens, 
tergites 1-2, 7-8, and 10 are distinctly paler. 
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Amelttos sp. No. 3 

A single immature nymph, Cataloochee Creek, Apl. 6, 1934 (J. G. N.). 
Smaller than the preceding species, — body 7 mm. Frontal portion of 
bead red-brown, occiput srellow. Pronotum yellow; two brown, sub- 
median streaks. Meso- and metanota yellow with many irregular 
brown markings. Legs yellow; indistinct broad, median, femoral 
band; tibia and tarsus brown at base and apex; claw brownish. Ab- 
dominal tergites 1-2, and 7-8, yellow; posterior margins of 7-8 brown, 
also faint submedian streaks. Tergites 3-5 largely brown; lateral 
margins except posteriorly, antero-lateral areas, and large, rounded, 
submedian spots, yellow. Tergite 6 largely yellow; posterior margin, 
median triangle based on posterior margin, and smaller submedian tri- 
angles based on anterior margin, dark brown. Tergites 9-10 uniformly 
dark brown. Gills wholly pale. Venter yellowish; stemite 9 largely 
brown. Usual blackish band across tails. 

Genus Isonychia Eaton 

Isonychia sadleri Trav. 

Another new state record. The large, dark brown nymphs of this 
species, strikingly marked with a broad, white, dorsal stripe, were very 
numerous in the streams of the Valle Crucis region. Several were 
reared. Most of the imagos, however, were taken during their twilight 
nuptial dance. Great numbers of both sexes congregated over Crab- 
apple Creek at Valle Crucis, and over a stream near Banners Elk. 
Often they danced high in the air; again, individuals as well as mating 
couples drifted down almost to stream level. They were strong, tire- 
less dancers, the first to appear and the last to leave the scene of fes- 
tivity. Imagos: Valle Crucis, May 27-June 6 (J. R. T., L. C. T.); 
Banners Elk, June 8. Nymphs: Valle Crucis, same period; Cata- 
loochee Creek, Apl. 26, 1934 (J. G. Needham). 

Isonychia notata Trav. 

Three bronze-brown nymphs taken in Cove Creek north of Vilas are 
tentatively referred to this species. The tibial spine is shorter than 
in the t 3 ^ specimens of notata. In size and color pattern, however, 
there are no discrepancies. Two of these njrmphs were' transported to 
Penrose, where they lived until June 25. On this date, as I was pre- 
paring to move to Alabama, all nymphs in the rearing cages were 
killed. 
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Isonychia sp. No. 1 

A single female imagOi taken in flight near Davidson River, Fiagah 
National Forest, June 20. Two or three males were seen also, flying 
very high, headed for the tops of the tallest trees; none could be cap- 
tured. By the structure of the subanal plate of the female, this species 
is a member of the aJbomanicata group. 

Female irmgo (dried). Body 13 mm.; wing 13 mm. Frontal por- 
tion of head puiplish red. Posterior to ocelli, yellow; red shading in 
antero-lateral angle and on anterior fourth of median Une; posterior 
margin shaded with black, especially next to eye. Antennae dusky. 
Pronotum shaded with rose in median area, blackish laterally. Re- 
mainder of thorax mahogany red-brown; rose-red markings on pleura. 
Fore femur and tibia deep purplish brown; tarsus purplish grey. Other 
legs yellow, claws and last tarsal joint dusky. Venation pale brown. 
Abdomen deep red, brighter than /. sadleri. Dorsum and venter very 
similar; posterior margins narrowly blackish, anterior margins pale. 
A faint but discernible paler mid-dorsal stripe. Tails white; joinings 
reddish, in basal portion. 

Subfamily Leptophlebiinae 
Genus Paraleptophlebia Lestage 
Paraleptophlebia guttata McD. 

In the early forenoon of June 19, hundreds of males of P. guttata were 
engaged in their nuptial flight, over the Davidson River and above the 
adjacent willows. The sunlight glinted on their iridescent wings and 
silvery white bodies as they flew upwards, to glide slowly down with 
tails and legs outstretched. This was not a continuous performance. 
All the dancers rested, at intervals of several minutes, on the willow 
leaves. Now, scarcely one could be seen in flight; another second, and 
the air was filled with them. Many males and a few females were 
captured from this dancing throng. Nymphs and images were col- 
lected from a tributary of the Davidson River on June 20 (J. R. T., 
L. C. T.); one nymph, Valle Cnicis, June 8. 

ParaleptopMebia swannanoa Trav. 

Immature nymphs were taken at Valle Crucis, May 27; a stream 
near Blowing Rock, Jime 7; Cherryfield, June 17; and a tributary of 
the Davidson River, June 20. No imagos were obtained. 

Paraleptophlebia mollis Etn. 

This species has not been known before from North Carolina. The 
mating flight of P. moUie takes place just after sunset. Imagos are 
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reptfjsented among material captured in and near Valle Cruds at 
twilight, May 27-June 2. Other images: Banners Elk, May 31-3nne 
8; Cranberry, June 8; mountain road near Penrose, June 12. 

Paralepio^ebia adoptiva McD. 

Another species of the genus which is recorded for the first time from 
the state. Images: Valle Crucis, early spring, 1936 (L. C. Thomsen), 
and June 1. Nymphs: Valle Crucis, May SO-June 7; and Foscue, 
May 25. Other nymphs were taken by Prof. Needham in the Great 
Smoky National Park, as follows: Moore’s Spring on Gregory Bald, 
Apl. 17, 1929; Twenty Mile Creek, Apl. 3, 1934; Cataloochee Creek, 
Apl. 6, and a tributary of this stream, Apl. 7, 1934. 

Genus Habrophlebiodes Ulmer 
Habrophlebiodes betteni Ndm. 

Another species not reported previously from North Carolina. One 
male imago was taken at Davidson River, June 20; another, a short 
distance over the state line into Tennessee, near the little settlement 
of Trade, Tenn., June 9 (L. C. Thomsen), 

Genus Blasturus Eaton 

Two undetermined species of this genus are represented: a small 
species from Hazel Creek, Great Smoky National Park, Apl. 3, 1934 
(J. G. Needham); and larger nymphs from Dutch Creek, Valle Crucis, 
Feb. 26, 1936 (L. C. Thomsen). 

Subfamily Baetisoinac 

Genus Baetisca Walsh 
Baetisca thomsenae’*‘ sp. nov. 

Closely allied to B, Carolina, Wings of imago with less intense orange 
shading; forceps of male relatively longer and more slender. Lateral 
spine on thoracic shield of nymph somewhat longer, better developed. 

Male imago (dried). Body 16-11 nun.; wing 11-12 mm. Eyes red- 
purplish black. Frontal portion of head red-brown; ocelli with reddish 
tinge. Base of antenna brownish, filament yellowish. Thorax dark 
red-brown. Pronotum and posterior portion of head • concealed be- 
neath the large eyes. Yellow shading on anterior and antero-lateraJ 
margins of mesonotum, and to a lesser degree along the median strip. 

* I take pleasure in naming this species for Dr. Lillian Thomsen, who accom- 
panied me on this collecting trip and captured many of the specimens. 
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Scutellum and adjacent areas purpJish red. Yellow shading anterior 
to base of fore wing, and a streak anterior to middle leg. At base of 
each wing and above hind leg, a reddish area. Bifurcate process be- 
tween bases of fore legs quite prominent. Fore legs amber, tinged with 
reddish brown; all joinings darker. Middle and hind legs very similar 
in color, slightly paler, joinings less distinctly darkened. Wings hy- 
aline. Entire costal strip of fore wing strongly amber-tinged; a paler 
tinge of amber extending along membrane for a short distance beyond 
the base. Extreme bases of both wings deep reddish orange. In hind 
wing also, an orange flush on membrane for perhaps half the width of 
the wing. Humeral cross vein red-brown, paler apically; subcosta and 
radius deep yellow, other longitudinal veins pale purplish brown. Cross 
veins hyaline, invisible except in stigmatic and anal areas. About 10 
stigmatic cross veins; simple, straight. 

Dorsum of abdomen rather bright red-brown. Posterior margins, 
and a small mark at spiracle, black; faint traces of blackish median line; 
dorsal ‘hump’ on tergite 6 black at tip. Pleural fold, and adjacent areas 
of tergites 1-6, deep, dull purplish; faint indications of same, on tergite 6. 
Pleural fold paler on tergite 7, becoming yellowish on 9. Tergites 9 
and 10 lighter red than preceding segments. Venter tan, with faint 
reddish or purplish tinge. Posterior margins of all sternites black. 
Purplish red shading laterally and on anterior margins of basal and 
middle sternites, most evident on basal ones. Genitalia yellowish 
brown. Tails red-brown, joinings black. See fig. 6 for appearance of 
genitalia. 

Female imago (dried). Body shrunken; wing 13 mm. Similar to 
male, except as indicated. Entire head rather bright red-brown; 
narrow dark line at middle of posterior margin; ocelli rose-red. Thorax 
rather more distinctly reddish than in male. Pronotum extensively 
shaded with black. Orange tinge on fore wing more restricted, in 
basal area, than in male. In hind wing, no orange tinge beyond basal 
third. Abdominal segments 1-6, both dorsum and venter, duller and 
more distinctly shaded with purplish; apical segments quite similar. 
Tails somewhat brighter red-brown. 

Male imago (alcoholic specimen). Head and thorax olive brown. 
Purplish shading on pronotum, and pleura of mesothorax. Sternum 
tin^d with red-brown* Scutellum black-margined laterally. Legp 
yellowish. Longitudinal veins of both wings, intercalaries in cubital 
region, and cross veins in anal area of fore wing, red-brown; all other 
cross veins pale, invisible. Fore wing flushed deeply with orange at 
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base, and with a fainter stain of same color along costal margin to bulla; 
in some specimens, entire basal half of wing may be faintly orange- 
tinged. Hind wing deeply orange at base ; in some, wholly pale beyond, 
in others, entire wing faintly orange-flushed, but much less deeply than 
in typical Carolina. Abdomen olive brown, ‘posterior margins of all 
segments puiplish. Basal and middle segments shaded with purplish 
red. Irregular darker dots laterally on tergites 1-6, near pleural fold; 
on each of the five basal stemites, a larger black dot next to pleural 
fold. Tails yellow, slightly darker at joinings. 

Female imago (alcoholic specimen). Body 10§-11 mm.; wing 
mm. Very similar to male. Head and middle area of pronotum with 
dusky shading. Much purple shading on mesothoracic pleura. No- 
tum more olive green than in male. Purplish markings on thoracic 
sternum, at posterior margins of pro- and mesostema. Wings much as 
in male, but orange tinge on hind wing confined to base, and to a barely 
visible discoloration of the anal area. Abdomen orange to reddish 
brown, due to presence of eggs. Strong purplish tinges as in male; 
lateral purplish black shading on tergites more prominent. Tails 
deep yellow; joinings narrowly dark brown. 

Svbimagos. Wings much as in B. Carolina] in female, rather darker 
(more blackish). Amount and exact distribution of dark coloring 
variable in individuals, as is true also of Carolina. Hind wing of male 
shows orange flush only at extreme base (in Carolina, entire basal two- 
thirds of wing orange-tinged). Entire body duller and darker than in 
imagos. Black markings at all leg joinings; on tarsi, outer half of each 
joining a broad black line. Tails olive to reddish brown. 

Nymph. Body of male, 8^-9 J mm.; of female, 10-11 mm. Color 
very variable, ranging from yellow to blackish brown. Many lines and 
streaks of fine dark dots mark the thoracic shield. In some specimens, 
the entire background of thorax and abdomen, dorsum and venter, 
may be obscured by many fine, dark dots close together. Legs banded. 
In pale specimens, obscure and incomplete dark shading on tibia and 
tarsus only. In dark forms, femora also are shaded with dark brown. 
Typically, a distinct black median streak on abdominal tergites; ob- 
lique submedian streaks extending inward from anterior margin, and 
other dark marks nearer the pleural fold. Lateral spine of thoracic 
shield, and forward extension of gena, yellow, the tips piceous. Ven-^ 
trally, two pale, median spots on mesostemum; a lateral row of pale 
q>ots on each side of abdomen, on basal and middle stemites; ganglionic 
areas of these segments may be yellowish. On pale specimens, these 
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pale markings are obscure; transverse bands of small^ dark dots occupy 
the middle portion of each stemite. Tails red-brown. 

Holotype — Male imago, pinned. Beared from nymph. Valle Crucis, 
Crabapple Creek, June 6, 1936 (J. R. T.). No. 1459.1 in Cornell 
University Collection. 

Allotype — ^Female imago, pinned; reared from nymph. Same data. 
No. 1459.2 in C. U. Collection. 

Parat 3 rpes — 1 male and 1 female imago, pinned; Valle Crucis, N. C., 
May 26, June 2, 1936 (J. R. T.); 5 male, 2 female images, in alcohol; 
June 2-14, 1936; Valle Crucis, N. C. Same collector. No. 1459.3-11 
in Cornell University Collection. 

Differences between this species and B, Carolina may be summarized 
as follows. Nymph: (1) anterior extension of gena slightly more 
upturned; (2) lateral spine of thoracic shield better developed, especially 
in male, so that the entire shield is relatively wider; (3) claws slightly 
shorter and more slender; (4) spines on 8th abdominal segment tending 
to turn downward and inward, rather than upward and outward, as 
in Carolina. Imagos: (1) forceps of male longer, and more slender in 
basal portion; (2) median projections on subanal plate of female shorter 
and stouter; (3) orange tinge in both wings less intense, may be re- 
duced in extent as well as intensity. In both stages, the size is con- 
sistently larger than in specimens of Carolina. Although all of the 
differences listed are relative, I consider this to be a good species, and 
one distinct from the closely-allied Carolina. See plate for figures 
showing relative differences between the two species: figs. 9, 10, 11, 12, 
14, and 15. 

On the morning of May 26, a fine male imago of Baetisca thomsenae 
was resting on the window screen of my room at the Valle Crucis School. 
It was quickly captured, and became my first specimen of this species. 
I located a few Baetisca nymphs that day in Dutch Creek; some were 
in the riffles, others among sand and gravel in water over a foot in depth. 
In the forenoon of June 2, many Baetisca nymph sloughs were found 
clinging to rocks near a ford in Crabapple Creek. So I started to search 
for the nymphs. Remembering my previous experience in collecting 
Baetisca in the piedmont, I held a hand screen in the current and stirred 
about among the rocks and gravel upstream. Each time the screen 
was lifted from the water, it held several Baetisca nymphs. I was most 
curious to discover the exact habitat of these nymphs, in relation to the 
stones, gravel and sand in the stream bed. Presently, as I rested from 
collecting, I noticed a slight stir among the fine gravel in the lee of a 
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rock. It was a Baetisca nymph, shifting its location. Looking more 
closely, I was able to make out the dorsal shields of several other 
nymphs, each partly buried in the fine gravel or sand, resting with head 
upstream. If disturbed, a nymph would be carried a short distance 
downstream by the current, but usually swam slowly upstream again, 
short tails vibrating. Coming to rest on a stretch of sand, a few rapid 
kicks served to conceal it again, and anchor it against the push of the 
current. Whether yellowish or blackish, the nymphs so resembled 
tiny pebbles in the stream bed that I frequently picked up a pebble, 
thinking it to be a nymph. A few days later, in a series of riffles below 
the ford, I watched a Baetisca nymph for some time, as it alternately 
rested and shifted from place to place. Baetiscas were found in the 
same location also, in one of the streams near Banners Elk. They 
could be picked up by hand readily, once they were located. 

Although I watched forenoon, afternoon, and evening, I was unable 
to see a single imago in flight. None were represented in my collections 
of specimens taken at sunset each day. Nor were any found resting on 
vegetation near the stream. Do they emerge very early in the morning, 
or late at night? And at what hour does the mating flight occur? I 
do not know. Nymphs in rearing cages usually transform to the 
subimago stage in the forenoon, and the imago stage is likewise attained 
between 7 and 11 a.m., in cases observed. Thus it is possible that the 
nuptial flight takes place between 11 a.m. and 2 p.m. 

Subfamily Ephemerellinae 
Genus EphemereUa Walsh 

I. Bicolor group 

EphemereUa doris Trav. 

A single male imago, taken at Valle Crucis on May 30, is placed 
tentatively in this species. Although it does not conform to the type 
material in all respects, it is certainly very closely alUed to doris, if not 
an actual variant of that species. 

EphemereUa funeraUs McD. 

This species has not been reported previously from North Carolina. 
Several nymphs are present in material coUected by Prof. Needham in 
the Great Smoky National Park, Apl. 3-7, 1934. Specimens are from 
Cataloochee Creek and Big Creek at Walnut Flats. 
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Eidieiiiarella coxalis (?) McD. 

Another new state record. Three nymphs, taken at Valle Crucis in 
late autumn, 1934 (L. C* Thomsen), are so closely allied to coxalis t^hat 
I hold them tentatively under that species. 

]^hemerel]a temporalis McD. 

Several nymphs were collected by Prof. Needham from Hazel Creek, 
Great Smoky National Park, ApL 4, 1934. 

II. Invaria group. 

Ephemerella dorothea Ndm. 

This species is of common occurrence throughout the piedmont and 
Appalachian regions of the state. Several images were reared from 
nymphs taken at Valle Crucis and Heaton, while many others were 
captured during their evening nuptial flight. There is a considerable 
size range among individuals of this species, both in nymphs and images. 
Thus, male images collected during 1936 vary in length of body from 
6 to 8 mm. Females vary also as regards the amount of ruddy colora- 
tion on head, thorax, and abdomen. Some are wholly pale except for 
a black line on anterior margin of pronotum, and dark posterior mar- 
gins on the basal and middle abdominal segments. In small females 
from the Davidson River, the head is quite bright red; entire dorsum 
of thorax and abdomen ruddy brown, only the lateral margins of the 
apical tergites creamy; ruddy shading on posterior portion of proster- 
num; fore femur distinctly reddish. Males are more uniformly creamy 
white; eyes ruby-red; posterior margins of basal and middle abdominal 
tergites may be faintly smoky. In a small male from Davidson River, 
however, the dusky bands on the tergites are more prominent than 
usual; a longitudinal red streak is present on each side of tergites 6 
and 6, traces of same on 4 and 7; middle area of tergites 8~9 rather 
dark red-brown. In both sexes, the tails of the images may exhibit 
faint reddish rings at the basal joinings. Nymphs from the vicinity 
of Valle Crucis and Heaton have more dark markings dorsally than the 
more uniformly colored specimens from the piedmont. These dark 
specimens Have a pale band on the head between the antennae; pale 
lateral angles on pronotum, pale paired spots on posterior margins of 
tergites. 

Images: Valle Crucis,^ May 27-Jime 7, Heaton, June 3, Davidson 
river, June 11-20 (L. C. T., J, R. T.). Nymphs: Valle Crucis, same 
period; North Toe River, June 8; and Heaton, June 3. 
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S^emerella dorothea — Variety A. 

Several imagos captured near Banners Elk on May 31 are so similar 
in general appearance to typical specimens of dorothea from Valle Crucis 
and Heaton; that I am tinable to distinguish them except on genitalic 
structure. The penes of the Banners Elk males bear an unusual num- 
ber of spineS; 12 or IS on each side (see fig. 3); the usual number of 
spines for this species ia 6 to 9 on each side, t 3 rpically 7 or 8. Unfor- 
tunately, all of these specimens were taken in flight, none were reared. 
All reared males from Valle Crucis and Heaton are normal as to number 
of spines on the penes. Nymphs collected at Banners Elk are similar 
to many of those from Valle Crucis. Therefore I am holding the 
Banners Elk specimens as a variety, perhaps an aberrant form, of 
dorothea, 

Ephemerella rotunda Morg. 

Many nymphs of this species were collected by Prof. Needham, Apl. 
3-6, 1934, in the Great Smoky National Park, from Cataloochee Creek 
and Twenty Mile Creek. 

Ephemerella fratercula (?) McD. 

This species has not been reported hitherto from the state. A single 
male imago was taken in flight at Valle Crucis, on June 5. As this 
may prove to be a new species, closely allied to fratercula^ I present a 
description of the single specimen, which is preserved in alcohol. 

Male imago. Wing 8 nun. Eyes bright orange. Frontal portion 
of head yellow, vertex olive brown. Pronotum yellow, median area 
shaded with brown. Mesonotum light reddish brown, rather sharply 
contrasted with the yellowish pleura and sterniun. Faint brownish 
markings along lateral margins of mesonotum; tip of scutellum creamy 
white; median anterior area with brownish shading. Metanotum 
yellow, posterior margin dark brown. Fore legs missing. Middle 
and hind legs whitish, tarsi very faintly smoky; tarsal joinings narrowly 
pale brown. Wings hyaline. Longitudinal veins of both wings very 
pale brown, cross veins invisible; costal margin silvery white except at 
apex. Dorsum of abdomen smoky to olive brown; posterior margins 
of basal tergites darker. Basal and middle segments semihyaline, 
apical segments opaque. Venter much paler than dorsum, but with 
faint smoky tinge; posterior margins of basal stemites deeper smok^. 
Tails pale smoky at base, becoming whitish distally; not darkened at 
joinings. Genitalia shown in fig. 2. 

The spining of the genitalia, as well as the general coloring, resembles 
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frcdercula so closely that I am holding the single specimen under that 
name. 1 would cuall attention to the following differences^ however. 
Tails not dark-ringed, as in typical frcUercula; venation pale brown 
instead of hyaline; no mid-ventral ganglionic markings, as in that 
species. 

Ill, Needhami group. 

Ephemerella septentrionalis McD. 

Another species not reported hitherto from North Carolina. One 
male and three female imagos were taken in flight at Valle Crucis, 
May 26-27. No nymphs were collected. The extraordinarily long legs 
of this species, both in the nymph and the imago stage, are distinctive. 

Ephemerella catawba Trav. 

Many nymphs were collected at Valle Crucis, and in the Watauga 
Biver between Valle Crucis and Vilas. A female imago and a subimago 
were reared; two other imagos were taken in flight. No males were 
obtained. The female has not been described heretofore. 

Female imago (alcoholic specimen). Body 8| mm.; wing 9J mm. 
Head and thorax greenish yellow; remainder of thorax deeper yellow. 
A low Carina on pronotum, its anterior projection faintly dusky. Mar- 
gins of mesonotum, and submedian triangular areas anterior to scutel- 
lum, dark brown. Posterior portion of mesostemum brownish. Legs 
yellow; tarsal joinings faintly darkened; claws dusky. Wings hyaline; 
stigmatic area faintly milky. Costa, subcosta, and radius of fore wing 
yellowish, all other veins paler, whitish; 8 to 9 stigmatic cross veins, 
wholly pale, anastomosed near costal margin, somewhat aslant. Abdo- 
men discolored, due to presence of eggs. Pleural fold pale; sternites 
appear to be paler than tergites. Posterior margins of tergites nar- 
rowly darkened; those of sternites subhyaline, pale. Tails yellowish 
white, pale brown at extreme base; all joinings distinctly black-ringed. 

Among my pinned specimens (Valle Crucis, May 25) are two females 
which I take to be E. catawba. Note differences between alcoholic and 
dried specimens, as to color of head and thorax. 

Female imago (dried). Frontal portion of head yellow, antennae 
dusky, vertex and occiput pale red. Pronotum red-brown, with black- 
ish shading on the low median carina. Mesonotum light red-brown; 
submedian triangles anterior to scutellum darker. Pleura and sternum 
flesh-colored, with many creamy markings. Legs yellow. Fore femur 
faintly flushed with pink, somewhat dusky at apex. Apical margins 
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of taisal joinings on all legs faintly dusky. Dorsum of abdomen red* 
dish brown with olive tinge; posterior margins blackish. Tergite 10 
rather brighter red-brown. Stemites 1-6, and 9, yellow; 7 and 8 shaded 
with reddish. Tails as in alcoholic specimens. 

Allotype — ^Female imago, reared. Watauga River near Valle Crucis, 
May 29, 1936 (J. R. T.). No. 1094.2 in Cornell University Collection. 

Other specimens (nymphs): Great Smoky National Park, June 11, 
1931 (J. G. Needham); Conestee Creek, June 20, (L. C. Thomsen, 
J. R. T.); North Toe River at Minneapolis, June 8 (L. C. T.); Linville 
River at Linville Falls, June 2 (L. C. T., J. R. T.); twenty Mile Creek, 
Great Smokies, Apl. 3, 1934 (J. G. N.); Banners Elk, June 3. 

Ephemerella sp. No. 3 

A single nymph, taken in Twenty Mile Creek, Great Smoky National 
Park, Apl. 3, 1934 (J. G. Needham), is intermediate in its characters 
between E, catawha and E. rotunda. General color, dark red-brown. 
Paler spots on head, anterior to each eye; occiput indistinctly mottled. 
Entire lateral margin of pronotum yellow. Meso- and metanota un- 
marked. Tibiae and tarsi dark-banded. Spines on fore femur mainly 
along posterior margin; do not form a continuous band across dorsal 
surface, A pair of short, submedian spines on posterior margins of 
tergites 3-8. No pale markings on abdomen. Whorls of spines at tail 
joinings prominent in basal half. Body (male nymph) 8^ mm. A 
quite similar nymph, from Cataloochee Creek, Apl. 6, 1934 (J. G. N.), 
has a broad, pale, dorsal band the entire length of the body, as in one 
color phase of E, needhami, 

Ephemerella sp. No. 4 

Allied to E. aurivillii but larger; body (female nymph) 10-12 mm. 
Dorsal abdominal spines much better developed. General color red- 
brown. Two submedian, small, white spots on frontal margin of head; 
a large, rectangular, white spot anterior to middle ocellus; a smaller 
pale spot laterad of lateral ocellus. Occiput and entire dorsum of 
thorax mottled with darker blotches. Legs pale red-brown. Femora 
mottled with yellowish blotches; on fore femur, a small cluster of spines 
near posterior margin, but not forming a band across dorsal surface. 
Inner apical angle (tibial spine) of fore tibia slightly produced. Neither 
tibiae nor tarsi dark-banded. Claws with many pectinations, as in 
E. catawha. Pale submedian blotches may be present on tergites S 
and 6, next to inner margin of gills; on outer edge of this pale blotch, 
a deeper red streak. Postero-lateral extensions and spines yellowish; 



70 JotTENAli OF TBB MlTGBSUi SOCISTT 

no dark transverse band. Dorsal abdominal spines well developed; 
present on tergites l-Oi longest on 4r-7. A series of short spines or tu- 
bercles extends from base of each spine forward almost to anterior mar- 
gin of tergite. ^ Tails yellowish red, darker apically; whorls of very 
short spines at joinings in basal half. Paler ventrally, posterior xnar- 
gins of stemites narrowly darkened; indistinct lateral line of marks near 
pleural fold. No mature male nymphs. 

Ephemerella sp. No. 5 

A small species of the needhami group, allied to E. caiawba. Body 
of mature female nymph, 6~6i mm., of male, 6-5 J mm. Greneral color 
light red-brown; dorsum of abdomen with some purplish shading. Pale 
marks on head: anterior to median ocellus; anterior to eyes; submedian 
spots on posterior margin; epicranial suture. Lateral margins of pro- 
notum pale; also irregular lateral markings. Mesonotum with irregu- 
lar dark brown markings between and anterior to wing roots. Legs 
pale red-brown; no dark bands. Spines on fore femur numerous before 
apex, but not forming a continuous band. Postero-lateral extensions 
of abdomen well developed. Paired, submedian, dorsal spines on ter- 
gites 4-8; anterior to each spine, a series of small tubercles. Posterior 
margins of tejgites purplish black; lateral areas shaded with purplish; 
middle segments may be white-blotched next to gills. Tails wholly 
reddish brown; whorls of spines at joinings in basal half. Ventrally, 
traces of a lateral line of dark dashes, one pair to a stemite, nearer to 
pleural fold. 

IV. Fuscdta group. 

Ephemerella comutella McD. 

Nymphs of this species in my collection are from Valle Crucis, May 
27-June 8; Heaton, June 3; stream near Blowing Rock, June 7; Cove 
Creek near Vilas, June 9; Davidson River, June 20; Lecky Gap, June 
25; and Little River, Great Smoky National Park, June 26. 

Ephemerella comuta Morg. 

Imagos: Lecky Gap, June 16; Valle Crucis, June 10. Nymphs: Hea- 
ton, June 3; North Toe River, June 8; Cove Creek, June 21; Valle 
Crucis, May 27-June 10. 

Ephemerella longicomis^Trav. 

A few immature n3nnphs from the type locality. Cedar Creek near 
Glenville, June 16, and one nytnph from a stream near Banners Elk, 
June 3. 
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l^amsrella late Morg. 

One nymph, Valle Crucis, May 28. 

^hemerella cherokee sp. nov. 

E. tuberculata Morg., as treated in Traver, J. Elisha Mitchell Sci. 
Soc. 47: 175. 1932. 

Nymphs and images from North Carolina, which I had previously 
considered to be E. tuberculata Morg., do not agree in many respects 
with Canadian specimens which Dr. McDunnough has reared. The 
type material, a single nymph taken near Ithaca, is no longer in exist- 
ence. Dr. Morgan’s figures indicate a tibial spine even longer than 
in the Canadian forms; occipital tubercles large, slightly convergent 
apicaUy. The description calls for a ‘‘double row of distinct brown 
spots” ventrally. As the Canadian specimens seem nearer to the origi- 
nal description than do those from North Carolina, I am considering 
the latter as representing a new species. 

Imago (alcoholic specimens). Body of male, 10 mm.; female, 0-10 
mm.; wing of male, 10 mm.; female, 10-1 OJ mm. Distinguished from 
the Canadian specimens (on which the description in Biology of May- 
flies is largely based) by the much darker venation, and the entire lack 
of dark ventral markings on the abdomen of the female. All longi- 
tudinal veins yellowish at extreme base, distinctly red-brown beyond. 
Cross veins in stigmatic area and in adjacent subcostal space pale 
red-brown; all others very pale, invisible except in apical area of radius 
of fore wing, and subcostal space of hind wing. Those of stigmatic 
area strongly anastomosed near costal margin. Eyes of male smaller 
in the North Carolina form; notum and sternum of thorax darker, 
blackish brown. No dark lateral dash on each stemite, next to pleural 
fold; other ventral markings in male dififuse, most evident on apical 
segments, obsolescent on basal ones. In female, no dark markings 
ventrally. 

Nymph. Size very slightly larger than Canadian specimens. Genr 
eral color of body light red-brown; in life, greenish, often with a promi- 
nent whitish mid-dorsal stripe. Somewhat less hairy than Canadian 
form. Rather fewer tubercles on dorsal surfaces of femora, especially 
noticeable on the second leg. Tibia of second leg fully as long or slightly 
longer than femur; in Canadian forms, slightly shorter. Tibial spine 
of fore leg extends forward only about ^ the length of the tarsus, whilt^ 
in Canadian specimens it extends almost half the length of the tarsus. 
Tubercle on lateral margin of pronotum much smaller than in Canadian 
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form; submedian tubercles on anterior margin of mesonotumi and me- 
dian tubercle between wing cases, lower and more roimded. Paired 
submedian spines on abdominal tergites 3~7 relatively shorter. Lateral 
margin of 8th segment practically straight, the spine slightly incurved. 
In Canadian specimens, this margin is convex in basal portion, slightly 
flaring beyond, somewhat as in E. aUegheniensia; spine barely or not at 
all incurved. Ventral abdominal markings much less distinct; when 
evident, reddish brown. Canadian specimens have a row of prominent 
blackish lateral streaks on each side. 

Holotype — Male imago, reared. Cedar Creek near Glenville, N. C., 
July 25, 1930 (J. R. T.). No. 1460.1 in Cornell University Collection. 

Allotype — Female imago, reared. Ocona Lufty River near Cherokee, 
N. C., June 28, 1930 (J. R. T.). No. 1460.2 in C. U. Collection. 

Paratypes — ^Two female images, reared. Conestee Creek near 
Cedar Mt., N. C., July 19, 1930 (J. R. T.). No. 1460.3-i in C. U. 
Collection. 

Ephemerella sp. 

Many female imagos were ovipositing in the Davidson River in the 
early forenoon of June 6, and again on June 16. They came flying 
steadily upstream toward the riffles where we were collecting, two or 
three to a dozen at a time. Occasionally one would dip down toward 
the surface of the water. They were unaccompanied by males. 

The sprinkling of black dots on the femora indicates a relationship to 
the fuacata-tuberciUata division of this group. There are no traces of 
black ventral markings on the abdomen, as in tuberculata; size smaller 
and venation paler than in cherokee; body color and venation darker 
than in fuacata, the red vertex of that species replaced by brownish 
black. Specimens seem too large to be wayah, imagos of which are not 
known. 

Female imago (alcoholic specimen). Body 6^7 mm.; wing 8-9 mm. 
Frontal portion of head dark red-brown; vertex and occiput blackish, 
as is the pronotum. Thorax deep blackish brown, pleura somewhat 
paler. Venation light red-brown, longitudinal veins distinct. Fore 
legs blackish brown; femora of middle and hind legs olive brown, tibiae 
and tarsi yellowish; all femora with sprinkling of small black dote. 
Brownish shading at extreme base of both wings. Abdomen dark 
olive brown with reddish tinge; slightly paler ventrally. No apparent 
darker markings. Tails deep smoky brown, narrowly pale at joinings. 
Pinned specimens very similar*. Specimens taken on June 16 are 
slightly smaller than those of June 5, otherwise similar. 
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V. 5errato group. 

Ephemerella deficisns Morg. 

Imagos: Banners Elk, June 8; near Penrose, June 12; Davidson River, 
June 19-20. Nymphs: Valle Crucis, May 27-Jime 8; Heaton, June 3; 
Davidson River, June 17; Lecky Gap, June 16. 

VI. Simplex group 
Ephemerella sp. No. 1 

A single specimen of this species, a mature female nymph, was taken 
in a stream near Blowing Rock on June 7 (L. C. Thomsen). Body 6J 
mm. in length. Femora definitely wider than in E. simplex, to which 
it is allied; lateral margins of abdomen likewise more expanded, so 
that body appears wider. Tails distinctively marked: except at base, 
a series of three or four brownish joints alternate with one pale joint; 
joinings darker on brown areas. This appears to be a distinct species. 

Undetermined female imagos 

Among the specimens taken in flight in and near Valle Crucis are a 
dozen or more female imagos, representatives of four or five species. 
Some are evidently of the invaria or the needhami group, others seem 
to be of serrata or simplex group. I am unable to determine these as 
to species at the present time. 

Subfamily Baetinae 
Genus Callibaetis Eaton 

Callibaetis sp. 

Two njnnphs of an undetermined species of this genus were taken at 
Valle Crucis in the autumn of 1934 (L. C. Thomsen). 

Genus Baetis Leach 

Baetis incertans McD. 

A single male imago was reared from nymph; Valle Crucis, May 30. 
Nymphs: Valle Crucis, June 8; Cove Creek north of Vilas, June 9. 

Nymph, Body of male, mm. Head and thorax red-brown. 
Legs dark-banded. Abdominal tergites 1-3 and 6-8 largely brown; 
lateral margins and middle line at anterior margin pale, on 1-3. Median 
and lateral areas of tergite 4 pale, remainder brown. Tergite 5 largeljfc 
pale, except for two dark submedian dots and narrow dark antero- 
lateral streak. Tergites 0-10 pale, unmarked. A pair of obscure, dark, 
submedian dots on tergites 6-8. Stemites 6-8 faintly darknshaded; 
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posterior margins narrowly dark* Gills obovate; white, margins nar- 
rowly brown, main trachea visible in basal half only. Tails pale, tips 
darker. 

Baetis cingulatus (?) McD. 

A single male imago taken in a spider's web near Trade, Tenn., June 
9 (L. C. Thomsen). This species has not been reported previously, 
either from North Carolina or Tennessee. 

Baetis sp. 

Several female imagos, caught in a spider's web at Conestee Creek, 
above the town of Cedar Mountain, June 28. 

Two species of nymphs from Valle Crucis, May 26 and June 8. One 
species from Cove Creek at Sugar Grove, north of Vilas, June 9. One 
species. Twenty Mile Creek, Apl. 3, 1934 (J. G. Needham). 

Genus Acentrella Bengtsson 

Further study of the specialized Baetine group. Neotropical and Palae- 
arctic as well as Nearctic, has convinced me that many genera are 
involved, and that it may not be possible in all cases to be certain of the 
genus unless both the nymphs and imagos are known. The nymph 
of Bengtsson's genus Acentrella is distinct from all species of Baetis 
except those allied to hicaudatus Dodds, by reason of its two-tailed 
condition. In the imago, the costal angulation of the hind wing is 
wholly wanting; a rounded or somewhat truncate ‘penis-cover' is pres- 
ent on the male genitalia, between the bases of the forceps. Given 
both nymph and imago, it is possible to separate a certain group of 
Baetis-like species from all others in the subfamily; it is to members of 
this group that Bengtsson's generic name applies. I am convinced 
now that this group is worthy of generic rank, as I have indicated in 
Mayflies of North Carolina, although the species are treated under the 
genus Baetis, in the Biology of Mayflies. 

Acentrella ampla Trav. 

A small, rounded penis-cover is present between the forceps cases, in 
this specieg. The original figure merely suggests the presence of this 
structure; it was, in fact, not clearly indicated until the genitalia had 
been treated in caustic potash and re-mounted. 

Genus Centroptilum Eaton 

Centroptilum sp. * 

Females of two undetermined species of Centroptilum were taken in 
flight. One species, in which the body is rather uniformly reddish 
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brown, venter of abdomen paler, is represented by specimens taken at 
Banners Elk, May 31, and Cranberry, June 8. A single female of the 
second species, smaller and yellow-brown, was taken in the Pisgah 
National Forest on June 20. 

Qenus Pseudocloeon Klapalek 

Pseudocloeon Carolina Bks. 

A single nymph, Valle Crucis, June 6. 

Pseudocloeon dubium Walsh 

This species is represented by nymphs from Cove Creek, June 9; 
stream near Blowing Bock, June 7 (L. C. T.); and the Great Smoky 
National Park, June 11, 1931 (J. G. Needham). 

Pseudocloeon sp. 

Undetermined female images of this genus were taken in flight at 
Davidson River, June 20; Penrose, June 12; near Blowing Rock, June 7; 
Conestee Creek, June 22. 

Several nymphs of the mrolina-cingulaium group are from Valle 
Crucis, May 25; Banners Elk, May 31; and Heaton, June 3. These 
resemble Carolina in general coloration, but are more slender. 

Genus Cloeon Leach 


Cloeon sp. 

A single undetermined female imago, Valle Crucis, June 7. 

ALABAMA* 

In Alabama, Tuscaloosa was selected as headquarters for collecting 
trips and for the rearing of nymphs. Tanks of running water, in the 
Zoology Department of the University of Alabama, were made avail- 
able to us for rearing purposes, thanks to the kindness of Dr. Septima 
Smith of the Zoology Department of that institution. 

* Small streams in northern and central Alabama, in which we made collec- 
tions, are relatively poor in mayfly, stonefly, and caddisfly faunas. This paucity 
of the mayfly nymphs in the small streams was very marked, in contrast with the 
rich collecting we had just left, in the mountains of North Carolina. It was also 
in striking contrast to the wealth of material to be obtained in the Odonate group, 
both dragonflies and damselflies. In only one stream of a dozen or more in which 
we collected assiduously, did we find more than six or eight mayfly nymphs, &d 
that after an hour or more of endeavor. The larger rivers yield representatives 
of the Ephemeridae, as well as a few species of the other two families. No attempt 
was made to collect in the Black Warrior River in or near Tuscaloosa; it appears 
to be much polluted as it passes through that city. 
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All species listed here, with the exception of Hexagenia bilineaia, 
have not been reported previously from the state of Alabama. 

Family ephemerioab 
Subfamily Ephemerinae 
Genus Hexagenia Walsh 
Hexagenia bUineata Say 

Images of both sexes were numerous on the store windows in Tus- 
caloosa on the evening of July 2. On July 4, many imagos and sub- 
imagos were seen on a bridge over a river between Birmingham and 
Decatur. Many were tangled in spiders' webs. Great numbers of 
nymphal skins were floating on the surface of the water, but we were 
unable to obtain any of them. The following day, many imagos were 
taken from low vegetation along the shore of Wilson Lake, just above 
the dam at Muscle Shoals. 

Hexagenia orlando Trav. 

Three male imagos taken in Tuscaloosa, June 29~July 2, correspond 
quite closely to specimens of orlando taken at Spring Creek, Ga. The 
t 3 q)e specimen of this species is paler, due to immersion in alcohol for a 
longer period of time, but is similar in essential features. In the Alabama 
specimens, the middle and hind legs are wholly yellow except for claws 
and distal tarsal joints, which are black; in typical orlando, all joinings 
of these legs are brown. Four females taken along with the males are 
evidently of the same species. Another female accompanying them 
has the dark markings on dorsum of abdomen much reduced; it may 
be only a very pale form of the same species. Nymphs of this species 
are not known. 

Hexagenia sp. 

Nymph (described from specimens taken at Cooley Creek). Body 
(including tusks): female, 30 mm.; male, 22 mm. Mandibular tusks 
as in fig. 17. Frontal process of head rounded laterally, anterior mar- 
gin flattened. Head and thorax reddish brown. Legs yellow, with 
usual fringes of dark orange hairs. Abdomen yellowish white. A wide, 
grey, mid-dorsal band encloses pale, broken, submedian lines; from 
each end of this dark band, on the posterior margin, an oblique grey 
streak extends antero-laterally. Gills and gill fringes deep purplish 
grey. Tails white to yellowish, .fringed with yellow hairs. Ventrally, 
traces of purplish transverse dashes at postero-lateral margins, and in 
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median area of stemites 7 and 8. In male, black, submedian, trans- 
verse dashes on anterior margins of basal and middle stemites. 

Specimens were taken at Cooley Creek, between Tuscaloosa and 
Birmingham, July 4. An immature nymph was taken from Big Sandy 
Creek near Coaley, on July 2 (R. E. Hodges) ; nymph skins of the same 
species floated near the shore of Thompson’s Lake, near Tuscaloosa, 
on Jime 29. Unfortunately, no adults were reared, nor were any 
found in the same vicinity as the nymphs. Can this be the nymph of 
H. orlando? It is evidently a species whose habitat is small lakes and 
streams, rather than the large rivers usually inhabited by H. bilineata. 

Genus Pentagenia Walsh 
Pentagenia vittigera Walsh 

Two females were captured from store windows in Sheffield, on the 
evening of July 4. 


Family heftaobniidab 
Genus Stenonema Trav. 

Stenonema interpunctatum Say 

Images of this or a closely allied species were taken from vegetation 
on the shore of Wilson Lake, on July 5. A single female from the North 
River near Tuscaloosa may be of this same species. 

"'Stenonema smithae sp. nov. 

A species of the pulcheUum, group; superficially very similar to S. 
integrum McD., but differing in details of genitalic structure. 

Male imago (dried). Body mm.; wing 7i-8 mm. Head pale. 
A faint ruddy transverse band across median carina. Tip of basal seg- 
ment of antenna, and filament, dusky. Eyes large; piceous. Thorax 
pale yellowish white; mesonotum, also areas on pleura, flesh-colored. 
Scutellum white. Fore femur and tibia yellow; ruddy median and api- 
cal bands on femur; tip of tibia black. Tarsus paler, yellowish white; 
claws and tip of distal joint, and all joinings, dusky. Middle and hind 
legs yellowish white; ruddy bands on femora, as in fore leg; tips of tibiae, 
claws and distal tarsal joints, dusky. Basal joint of fore tarsus less 
than half the length of the second. 'V^^ngs hyaline: Venation of fore 
wing brown, rather darker than in integrum-, subcosta and radius jjpl- 

* I take pleasure in naming this species for Dr. Septima Smith, who extended 
to us many courtesies during our stay in Alabama. 



78 JotJBNAli OF THE MlTCHBLL SOGXETT {Jvly 

low; all longitudinal veins finer than cross veins. Humeral cross vein 
infuscated, also base of subcosta. Cross veins more regularly distrib- 
uted than in integrum , — ^less tendency toward serial arrangement. 
Usually three costal veins before the bulla. Stigmatic cross veins 7 
or 8 in number; simple, straight. Very faint reddish tinge in stigma. 
Venation of hind wing wholly pale; outer margin very narrowly dusky 
in apical portion only. 

Abdomen pale yellowish. Stigmatic dots well developed. Posterior 
margins of tergites narrowly dark, most evident in median area. Api- 
cal tergites faintly flesh-colored. Pleural fold yellow. Stemites un- 
marked. Tails whitish, alternate joinings narrowly purplish black. 
Genitalia more distinctly L-shaped than is the case in integrum, 

Male imago (alcoholic specimen). Dusky markings at middle of 
anterior margin of mesonotum, and along its antero-lateral angle. A 
faint dusky streak on prothorax, above leg base; on mesothoracic 
pleura, very faint dusky pencilings above leg bases. Fore femur with 
faint ruddy tinge; apical ruddy bands of all femora more distinct and 
more reddish than median ones. Abdominal segments 1-7 whitish, 
not yellowish as in dried specimen. 

Female imago (alcoholic specimen). Body 7§-8 mm.; wing 8~9 mm. 
Similar to male except as .indicated. Reddish stigmatic tinge may be 
more evident than in male, or it may be wholly obsolescent. At bulla, 
cross veins in first three spaces are: 1, 2, 2. . Cross veins somewhat more 
numerous than in male; tend to be arranged irregularly in series. A 
blackish longitudinal penciling extends the length of each femur, near 
middle of outer surface. A faint reddish tinge may be present on basal 
third of each tibia. Dusky pencilings on thoracic pleura, spiracular 
dots, and dark posterior margins of abdominal tergites, more evident 
than in male. Thorax and apical abdominal segments more yellowish. 
Lateral tracheae dusky, on apical segments. Dusky margin of hind 
wing more extensive. 

Nymph, Head dark brown; frontal portion thickly freckled with 
small pale dots. Pale area along outer margin of eye; one dark spot in 
this pale bqrder. A fleur-de-lis shaped pale mark anterior to median 
ocellus. Pale areas next to inner margin of eye, and a diamond-shaped 
pale median area between eyes. Bases of antennae dark brown, fila- 
ment paler. Thorax dark red-brown; pronotum darker and less red 
than mesonotum. Pale markings on pronotum: narrow median line; 
a pair of submedian dots; lateral triangular marks; middle portion of 
lateral margin, and an inwardly-directed anterior arm from same. 
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Median line of mesonotum pale; a few small and indistinct pale dots 
anterior to wing roots. Femur largely dark except at base, apex, a 
pre-apical band, and small pale median areas enclosed by dark color. 
Near apex, a reddish band as in imago. Tibia yellow; a narrow basal 
and a wider median dark brown band. Apical half of tarsus pale. 

Abdominal tergites 1-5 pale laterally, and irregularly in median area, 
elsewhere dark brown. Tergites 6-10 largely dark brown; a pale lateral 
triangle on 6 and 7 ; anterior margins of 9 and 10, and submedian dashes 
from anterior margin of 9, likewise pale. Venter yellowish. Brown 
streaks along lateral margins of stemite 9. Very faint indications of 
dark submedian dashes from anterior margin of each stemite, and a 
dark dot near end of each. On stemite 9, a faint dark median spot at 
anterior margin; a transverse dark line extends laterad from it. Tails 
red-brown at base, followed by a yellow area, in which joinings are 
brown; in apical two-thirds, three dark joints alternate with one pale 
joint. Gills purplish grey; tracheae black. 

Holotype — Male imago, pinned. Reared from nymph. Spencers 
Mill, Tuscaloosa, Ala., July 1, 1936 (J. R. T.) No. 1461.1 in Cornell 
University Collection. 

Allotype — Female imago, in alcohol; reared. Same locality, July 
3, 1936 (J. R. T., S. C. Smith). No. 1461.2 in C. U. Collection. 

Paratypes — Three male images, two female imagos; same locality, 
June 30— July 8, 1936 (J. R. T., S. C. Smith). No. 1461.3-7 in C. U. 
Collection. 

Nymphs of this species were collected at Spencers Mill near Tusca- 
loosa, Ala., and reared in tanks in the Zoology Laboratory at the Univ. 
of Alabama. The imagos differ from the allied species S, integrum as 
follows: (1) Larger size; (2) genitalia of male distinctly L-shaped; (3) 
cross veins in wings less regularly arranged in series; (4) spiracles marked 
by a distinct dark dot rather than a dash; (6) no median dorsal mark- 
ings on tergites. 

Stenonema alabaxnae sp. nov. 

Another species of the pulchellum group, allied to S, integrum McD. 
Basal joint of fore tarsus longer than in any known species of this 
genus. 

Male imago (dried). Body 6 mm.; wing 7 mm. Frontal portion of 
head pale; a wide, dark, transverse band across median carina. Mucb 
ruddy shading on vertex and occiput, Pronotum clay-colored, median 
areas dusky. Pleura and sternum of meso thorax flesh-or-clay-colored; 
alabaster white areas on pleura, and on sternum between middle legs. 
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Anterior to wing roots, and on pleura, distinct ruddy shading. Black- 
ish pencilings above leg bases. Mesonotum blackish brown; tip of 
scutellum, and small area anterior to it, whitish. Fore legs yellowish 
white; femora faintly smoky. Median and apical ruddy bands on 
femora; darker shading at base. Tips of tibiae blackish. Claws, 
most of distal joints of tarsi, and all joinings, dusky. Basal joint of 
fore tarsus fully three-fourths as long as (he second. This is true of both 
legs. Is it an abnormality? On this character, the species would fall 
into Cinygmula; but genitalia, venation, and all other characters are 
that of the genus Stenonema. 

Middle and hind legs whitish; femora twice-banded with reddish; 
tibial and tarsal joinings, claws and tips of tarsi, dusky. Wings hy- 
aline. No crowding of cross veins at bulla; in first three spaces, these 
are: 1, 2, 2. Base of costa and subcosta, and humeral cross vein, in- 
fuscated. Three main veins of costal margin yellow, well developed; 
other longitudinals much finer than cross veins, brown. Cross veins 
blackish brown; some tendency toward serial arrangement as in S. 
integrum. Five costala before bulla; seven or eight in stigmatic space; 
simple, may be slightly aslant/ Distinct reddish stigmatic stain; 
seems wholly confined to subcostal space. A wide smoky border on 
hind wing occupies fully one-fourth of the width of the wing. Abdom- 
inal segments 1-7 semibyaline. Wholly white ventrally; tergites 
with distinct smoky tinge. A rather wide dark brown posterior border 
on all tergites; spiracular dots present, but more or less obscured by the 
dark margins. Segments 8-10 opaque. Tergites 8-10 rather bright 
red-brown; a pale median spot on tergite 10. Sternites whitish. Tails 
whitish; alternate joinings purplish brown. Genitalia much as in S, 
rubrum McD. 

Female imago (dried). Body 6-7 mm.; wing 8 mm. 

Head whitish; band on carina usually present, as in male. Thorax 
flesh-colored; sternum whiter than pleura. Fore leg pale yellowish, 
other legs whitish; marked as in male, the femoral bands purplish red. 
All longitudinal veins yellowish, fine; cross veins very heavy, dark 
brown; as in male, a tendency for these to be arranged in a series, but 
the wide fhterspaces thus formed appear before the bulla (in integrum, 
these are beyond the bulla). At bulla, cross veins may be: 1, 2, 2; 
or 1, 3, 3, Wide smoky border on bind wing, as in male, but somewhat 
paler smoky. Abdomen yellow, when filled with eggs, otherwise whit- 
ish. Spiracular dots large, distinct; posterior mar^ns narrowly black. 
Sternum unmarked. Tails as in male, but the darker joinings may be 
obscure in the basal portion. 
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Holot 3 rpe — ^Male imago, pinned. Store window at ShefiSeld, Ala., 
July 4, 1936 (J. R. T., L. C. Thomsen). No. 1462.1 in Cornell Uni- 
versity Collection. 

Allotype — ^Female imago, pinned. Same data. No. 1462.2 in C. U. 
Collection. 

Parat 3 npe 8 — ^Eight pinned females, two females in alcohol. Same 
data. No. 1462.3 12 in C. U. Collection. 

The somewhat larger size, differences in venation and genitalia, and 
unusual length of basal fore tarsal joint of male serve to distinguish 
this species from the allied S. integrum McD. 

Stenonema exiguum Trav. 

A single female imago of this species was found on the radiator of 
the car on June 27. It had been collected somewhere between Bir- 
mingham and Tuscaloosa. 

Genus Heptagenia Walsh 
Heptagenia minerva McD. 

Hundreds of these tiny and very dainty mayflies crowded the store 
windows of SheflBeld on the evening of July 4. We collected until our 
cyanide jars would hold no more. Did they come from the Tennessee 
River, or from some small tributary which we did not see? 

Heptagenia aphrodite (?) McD. 

A single nymph taken in Cooley Creek on July 4 is doubtfully re- 
ferred to this species. 


Family Baetidae 
Subfamily Siphlonurinae 
Genus Isonychia Eaton 

Isonychia fattigi Trav. 

A single male imago which agrees well with the type material of this 
species was removed from the radiator of the car on the evening of our 
arrival in Tuscaloosa, June 27, It^had been picked up somewhere be- 
tween Birmingham and Tuscaloosa. Five female imagos which may 
be of this species were collected on store windows at Sheflield, July 4. 

Isonychia circe (?) Trav. 

Nymphs of this species were fairly abundant in the small stream 
above Spencers Mill, near Tuscaloosa, in Cooley Creek between Bir- 
mingham and Tuscaloosa, and in the North River about fifteen miles 
from the latter city. Several were reared in the Zoology Laboratory. 
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From n3rmphs taken in the North River, two females emerged, but no 
males. Nor were any images caught in Sight, although two were seen 
at twilight over North River. The female imago bears a close resem* 
blance to the type material of circe, aside from its slightly larger siae 
(body 11 mm.; wing 10 mm.). 

Mature nymph (Cooley Creek specimen). Body of female, 11 mm. 
General color dark red*brown. Basal joints of antenna marked with 
white; remainder dark brown, no distinct dark band. A wide, pale, 
median stripe on head is continued backward over the entire thorax, 
and more indistinctly for the length of the abdomen. Laterally on 
pronotum, two pale, crescentic marks, and one small roimd spot. 
Tibial spine of fore leg relatively long, extending fully one-half the 
length of the tarsus; curved slightly outward. Spines on outer surface 
of tibia few in number, 12 to 16 only. Fore leg dark red-brown; pale 
median and apical bands on femur; claw, and distal half of tarsus pale. 
On other legs, pale bands also at base of femur and at each end of tibia. 
Anterior margin of tergite 10 pale, apical portion black. Postero- 
lateral spine on segment 9 distinctly longer than that on 8. Traces 
of narrow, black, submedian lines bordering the paler median area, on 
tergites. Ventrally, traces of pale submedian streaks from anterior 
margin. Gills largely deep purplish. 

A mature male nymph taken at Big Sandy Creek near Cooley may be 
of this same species. However, the fore femur is largely yellowish; 
tibial spine shorter and stouter. General appearance similar to Cooley 
Creek specimens. Body 10 mm., which is rather larger than one would 
expect the male of this species to be. Other nymphs in the Cornell 
Collection, from Huntsville, Jime 18, 1931, agree well with the Cooley 
Creek specimens except for the fore femur, which again is largely pale. 

Subfamily Epbemerellinae 
Genus Ephemerella Walsh 
Ephemerella doris Trav. 

One nymph, the only representative of this genus collected in the 
state, was found in Cooley Creek on July 4. 

Subfamily Caeninae 
Genus Caenis Stephens 
Caenis jocosa (?) McD. • 

Among the swarming multitudes of mayflies on the windows at 
Sheffield on the evening of July 4’, was one female Caenis, which appears 
to be of this species. 
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Subfamily Baetinae 
Genus Acentrella Bengtsson 
Acentrelia proi^qua (7) Wish. 

One male and one female imago were taken at Sheffield on July 4. 
As I am not certain that these specimens are propinqua, I present a brief 
description of each sex. Genitalia of male as in fig. 5. 

Male imago. Body 4 mm. ; wing 4 nun. Turbinate eyes very large, 
set on very short stalks; bright red-brown. Antennae dusky. Head 
and thorax black-brown; intersegmental areas of thoracic pleura some- 
what paler. Legs white. Wings hyaline. Costa and subcosta dark 
brown at extreme base; hiuneral cross vein dusky; longitudinal veins in 
anterior half of fore wing pale brown, all other veins colorless. Abdom- 
inal segments 2-6 white, hyaline; posterior margins very faintly yel- 
lowish; at each spiracle, a black circle {not a dot). Tergites 7-10 red- 
dish to maroon; stemites paler, somewhat dusky. Tails white, 
unmarked. 

Female imago. Body deep orange; thorax somewhat paler and duller 
than abdomen. Legs greenish brown. Longitudinal and cross veins, 
and marginal intercalaries, dark brown. 

Genus Pseudocloeon Klapalek 
Pseudocloeon dubium (7) Wish. 

One male subimago and several female imagos, taken on the windows 
at Sheffield, July 4, are held under this name. 

Genus Centroptilum Eaton 

Centroptilum sp. 

Two female imagos of an undetermined species of this genus were 
taken at Sheffield, July 4. 


FLORIDA 

Family ephembbidae 
Subfamily Neoephemerinao 
Genus Oreianthus Trav. 

Ordanthus sp. No. 1 

Mature nymphs of a species of Oreianthus much smaller than O. 
purpureas were taken in the Sweetwater Branch, Liberty Co., on Apl. 
3, 1927, by Prof. Needham. Since the differences noted between these 
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nymphs and those of 0. purpureua might be generic rather than specific 
(the nymph of the closely-allied genus Neoephemera is not known) , 1 
designate this species by number only. 

Nymph, Body of female, 9~10 mm.; of male, 8-8 J mm. General 
color, dark red-brown. Head, thorax, and abdomen finely mottled 
with tiny, pale dots. Crescentic, pale mark on head anterior to median 
ocellus; diamond-shaped pale spot between base of antenna and inner 
anterior comer of eye. Lateral margin of pronotum widely flaring at 
each angle, the middle area concave (see fig. 13). The short, submedian 
tubercles on anterior margin of this sclerite are closer together than in 
purpurem, almost approximated at the median line. Lateral margin, 
usually also a narrow, median line, pale yellowish. Projections at 
anterior margin of mesonotum yellowish, extending out only slightly 
beyond margin of pronotum. The median tubercle between the wing 
cases is rather better developed than in purpureus. Median spine on 
mesostemum much as in that species. Legs yellowish to pale red- 
brown. No distinct markings dorsally. Ventrally, a small, dark dot 
at apex of trochanter; triangular area on apical portion of femur pale 
yellowish. Tip of tibia not produced anteriorly, as in purpureus. 
Claws slightly longer and more distinctly curved than in that species. 

Median line of abdominal tergites may be wholly pale, or with a 
pale spot at extreme anterior and posterior margins only. Postero- 
lateral projections paler red-brown than main portions of segments. 
These projections are rather more flaring than in purpureus^ especially 
that on segment 9, which is also relatively longer and more slender. 
The distinct median tubercle present on the posterior margins of the 
middle tergites in purpureus is here much reduced. Ventrally, a lat- 
eral row of dark dots on each side, located at anterior margin of each 
stemite; traces of a dark streak extending backward from each of these. 
Ganglionic area of each basal and middle stemite a paler, rounded spot. 
Tails light red-brown. 

GEORGIA 

Family ephebceridae 
Subfamily Neoephemerinae 
Genus Oreianthus Trav. 

Oreianihus sp. No. 1 

Specimens of this species in the Cornell Collection are from Upatoi 
Creek, Apl. 29, 1931; Oconee River near Greensboro, Apl. 9, 1931; 
and Town Creek, May 14, 1931 (P. W. Fattig). 
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Family heptageniidae 
Genus Heptagenia Walsh 
Heptagenia thetis Trav. 

Several females, taken at Swamp Creek near Dalton, May 26, 1931 
(P. W. Fattig). 

SOUTH CAROLINA 
Family ephemeridae 
Subfamily Ephemerinae 
Genus Hexagenia Walsh 
Hexagenia Carolina Trav. 

One male subimago, Clemson College, June 4, 1931 (D. Dunavan). 
Hexagenia marilandica Trav. 

A male imago and one subimago, Clemson College, June 23, 1933 
(B. M. Latham). 

Hexagenia kanuga sp. nov. (described under North Carolina) 
Florence, May 16, 1929 (O. L. Cartwright). 

MARYLAND 
Family ephemeridae 
Subfamily Potamanthinae 
Genus Potamanthus Piet. 

Potamanihus inaequalis Ndm. 

Imagos of both sexes, taken at Conococheague Park, near Hagers*- 
town, July 22, 1926 (V. Argo). 

Potamanthus walked Ide 

Several nymphs, the Potomac River near Brunswick, June 19, 1926 
(V. Argo). 

Family heptageniidae 
Genus Heptagenia Walsh 
Heptagenia lucidipennis Clem. 

About twenty-five specimens, adults of both sexes, were collected 
from a store window in Frederick, on the evening of May 21, 1936 
(J. R. T., R. Rice). 

Cornell University, 

Ithaca, N. Y. 
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EXPLANATION OF PLATE S 

Fig. 1 . Rkithrogena rubieunda. Penes. 

Fig. 2. EphemereUa frtUercvla (?). Penes. 

Fig. 8 . Bphtmerella dorothea. Variety A. Penes. 

Fig. 4. Rhithrogena faseiala. Penes. 

Fig. 5. AcefUreUa propinqua, Male genitalia. 

Fig. 6 . Ba9ti$ca thomsenae, Male genitalia. 

Fig. 7. PotamatUhuB diatinctua. Mandibular tusk and part of head, njrmph. 
Fig. 8. Oreianthua purpureua, Male genitalia. 

Fig. 9. BaeHaca Carolina, Subanal plate, female imago. 

Fig. 10. BacHaea ihomaenac, Subanal plate, female imago. 

Fig. 11. BaeHaca tkomaenae. Claws of nymph. A — ^Ist claw; B — 2nd olaw; O— 
8rd claw. 

Fig. 12. BaeHaca Carolina. Claws of nymph. A— 1st claw; B— 2nd claw; O — 
8rd claw. 

Fig. 18. Oreianihaa sp. No. 1. Pronotum and anterior portion of mesonotum, 
nymph. 

Fig. 14. BaeHaca tkomaenae. Lateral portion of mesothoraoic shield, nymph. 
Fig. 15. BaeHaca Carolina. Lateral portion of mesothoraoic shield, nymph. 

Fig. 16. Hexagenia marilandtca. Mandibular tusk, nymph. 

Fig. 17. Hexagenia sp. Mandibular tusk, nymph. 

Fig. 18. Iron rubidua. Lateral spines on abdominal segments 6 and 7; nymph. 
Fig. 19. Iron avhpollidua Lateral spines on abdominal segments 6 and 7; 
nymph. 





THE FORMATION OF NEW SIPHON OPENINGS IN THE 
TUNICATE, 8TYELA PLICATA* 

By W. C. Gsoroe 
PlATE 7 

If one experimentally closes either of the siphon openings ot the 
tunicate, Styela jAicata, the animal exhibits a remarkable adaptive re- 
spcmse. New siphon openings are quickly formed, and the animal 
resumes normal physiolopcal activity. The directness and effective- 
ness of this response were such as to indicate a bearing on the mecha- 
nistic conception versus a mystical entelechy. An anal 3 n 8 is of the proc- 
esses involved was attempted, therefore, with this point of view in 
mind. 

Styda plicala is one of the larger simple ascidians. Large specimens 
may measure as much as ten centimeters in length. The inhalent 
siphon is terminal in position and the exhalent siphon is near it, set 
o^y a little way back on the dorsal side. The tunic forming the outer 
covering of the animal is thick and very tough. The mantle just 
beneath it is thick and has a highly developed network of muscle fibers 
circularly, longitudinally, and obliquely disposed. This muscular 
mantle constitutes the middle layer of the siphon wall. Internal to 
it, extending as far down as the t^tacles, there is a thin layer of tunic 
continuous over the margins of the mantle at the lips of the siphon witii 
the outer tunic (fig. 1). At the margin of each siphon there are typi- 
cally four lobes of thickened tunic, and four double lines of pigment ex- 
tend from the inner lining of the siphon over the margin and a little 
way down the outside (figs. 4a and b). 

In my first experiments I closed either the inhalent or exhalent siphon 
by sewing, using a large needle and twine. The animals were then 

* This investigation was aided by a grant from the Rockefeller Fund for B«- 
searoh in Pure Science at the University of North Carolina. The observations 
were made at, or upon material obtained at, the United States Fisheries Biologi- 
cal Laboratory, Beaufort, North Carolina. I am indebted to Hon. Frank T. Bell, 
Commissioner of Fisheries, for permission to use the facilities of the station and* 
to Dr. Herbert F. Frytherch, Director, and other members of the staff for cour- 
tesies and Bssistanee. 
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placed in a live box. A few days later I observed that there was in 
each case a well developed and normally functioning new orifice a little 
below the old one. In subsequent experiments, in order to eliminate 
the possibility of a needle hole being enlarged and used for a new 
orifice, the original orifices were closed by tying. Animals to be experi- 
mented upon were left in some cases in their natural positions attached 
to the wharf pilings. With these it was necessary to tie the siphons and 
make the observations at low tide when the animals were exposed. 
In other cases they were detached and taken into the laboratory, where 
they were left in water tables or aquarium dishes. A loop of strong 
twine was carefully placed low around the base of the siphon while the 
animal was in a relaxed, extended position. The two ends of the looped 
string would then be quickly and firmly pulled and tied, thus closing 
the siphon with a strong ligature around its base (fig. 4a). In all 
several dozen animals were treated in this way. A few animals died 
from causes other than the ligature and others were lost; but in almost 
every case a new siphon opening was formed. The new openings might 
be formed at any point around the siphon just below the ligature. 

The time required for the formation of new openings through the 
siphon wall was in the neighborhood of twenty-four hours, sometimes 
two or three hours less, sometimes a few hours more. If the ligature 
was not tightly enough drawn and a very small opening was left, a 
longer time was taken in the formation of the new orifice; if the ligature 
was still looser, no new orifice was formed. In those animals in which 
both siphons were completely closed, the animals died, evidently from 
lack of aeration; but if a little passage of water was permitted, two new 
orifices were formed within twenty-four to forty-eight hours. 

In order to determine if artificial openings would be used, cuts were 
made in some animals through the walls of the siphons below the liga- 
ture. At the end of eighteen hours these cuts appeared to be healed, 
and at the end of twenty-four hours other openings formed by the ani- 
mals themselves were present. 

When first formed, the new orifices were merely ragged openings 
throu^ the siphon walls, but within three or four days the siphons 
grew out a little distance beyond the ligature and developed specific 
siphon features, i.e., the typical four lobes of tunic material and four 
double lines of pigrpent. The tied-off tip of the original siphon distal 
to the ligature was left as a mass attached to the side of the siphon 
(fig. 6). 

To understand the mode of formation of the new orifice it is impor- 
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tant to keep in mind the presence in the mantle of a highly developed 
and powerful musculature, which extends to the tips of the siphons 
(figs. 1 and 8), and also the presence of certain reflexes. When stimu- 
lated slightly by poking or pinching, an individual will respond by con- 
tracting. If the stimulus is strong and persistent the contraction is 
correspondingly great. In the case of experimental animals the liga- 
ture acts as a stimulus to contraction. This stimulus may be supple- 
mented by insuflicient food and oxygen resulting from interference with 
the normal circulation of water. As a result probably of both these 
stimuli, but especially that of the ligature, the muscle of the mantle 
contracts strongly, powerfully enough to pull the mantle tissue out of 
the distal part of the siphon (fig. 3), or if the ligature is too tight to 
permit this, to tear the mantle in two where the ligature is located. 
In the latter case one finds distally a ring of mantle left in the tied-off 
part of the siphon, and proximally the mantle is withdrawn a little 
distance below the ligature (figs. 2, 5, 7). There is then present a zone 
just below the ligature where the tunic wall is bare, not reinforced by 
the muscular mantle. Further contractions of the muscular mantle 
produce a considerable pressure of water against the inner surface of 
the tunic below the ligature. In this region there results a softening 
and thinning of the tunic, which becomes pushed out as a nipple-like 
projection (figs. 4a and 7). If one examines such an area in a live 
animal before rupture the tunic is seen to be thin and translucent, 
whereas it is opaque a little distance away, and in favorable specimens 
the edge of the mantle may be seen through the translucent tunic of 
the nipple-like protuberance (fig. 4b). Ultimately a hole is broken 
through. Observation of an animal with ligated siphon during the 
hours preceding rupture, reveals periods of forceful contraction followed 
by periods of relaxation. Very often such an animal will close the 
unligated siphon and contract forcibly upon the contained water so 
that a region of the closed siphon where the mantle is torn becomes 
puffed. Finally the pressure at this point breaks a hole through the 
unsupported tunic. There is no distinguishable participation of cells 
in the degeneration, thinning, and rupture of the tunic. Pressure and 
pressure atrophy appear to be the immediate causes. 

During the period in which the mantle of the siphon serves as a 
nozzle to direct water against a point on the tunic its tom edge is in 
process of healing. Following rupture the thin tunic lining the inside 
of the siphon becomes continuous with the outer tunic (fig. 6), the 
siphon grows longer, and there is ultimately a normal new siphon. 
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Two or three days or sometimes more are required for complete develop- 
ment of the specific lobes and pigmented lines. 

DISCUSSION 

Examples of self-adaptation in organisms without highly developed 
nervous systems are widespread. Every now and then it happens that 
such organisms are confronted with situations that they may never 
have met before and with which they have had neither individual or 
racial experience. Though some perish, others are able to make modi- 
fications of structure or reaction that enable them to survive. The 
observing of apparently purposeful self-adjustment among those ani- 
mals that survive has given rise to a more or less common belief in the 
existence of some elemental protoplasmic intelligence, which in some 
fashion foresees the usefulness of certain structural features and pro- 
duces them. Some biologists and philosophers support this thesis. 
Biological literature contains numerous explanations of phenomena 
apparently based on this belief. Are such teleological explanations 
valid or is an organism’s capacity for self-adaptation to a particular 
situation inherent in and definitely circumscribed by its anatomical 
and physiological organization? 

On superficial observation the formation of new siphon openings in 
Styela plicata appears to be an example of quick and purposeful self- 
adjustment. But, as shown above, upon analysis of the events that 
occur, any apparent mystical entelechy disappears and there is left a 
result that is a mechanical consequence of particular stimuli acting 
upon the peculiar structure and reflex organization of the animal. 

Analysis of the factors involved in the development of the specific 
characters that differentiate around the point of rupture is not so easy 
as is the occurrence of the rupture itself. The fact is that following 
closure of the original siphon aperture and formation of a new one, 
certain features that are normally present around the original siphon 
aperture and which are a part of the heritable structural pattern of the 
animal develop around the newly formed one. What was originally 
tunic of the wall of the siphon takes on the somewhat specialized fea- 
tures of the tip after it secondarily and artificially has become tip. 
Certain relations have changed that may be causal, and the causes 
may be both organismal and mechanical. After the tip of the mantle 
comes into relation secondarily with the tunic of the wall of the siphon 
some organizer in this tip may exert an influence upon the cells of the 
adjacent tunic, resulting in its further somewhat special differentiation. 



New Siphon Openings in Tunicates 


91 


19S7] 

That organisers are present in adult tissues seen^ apparent from the 
work of Weiss, ^ who found that if the tail of a mature Triton is ampu* 
tated and the new tissue formed over the wound is transplanted while 
quite young to the region of the leg, it will develop into a leg; if trans- 
planted later, after the new material has been subjected to the tail 
determining influences for some time, it will develop into a tail. There 
is the probability also that the terminal sphincter muscle of the mantle 
may contribute mechanically through alternate contraction and relaxa- 
tion towards the development of grooves and ridges in the tunic to 
which it is adherent. 


SUMMARY 

Following experimental closure of the inhalent or exhalent siphons 
of Styela plicata new openings are formed below the ligature in about 
twenty-four hours. There is then developed around these new open- 
ings the siphon features characteristic of the species. 

Though the end result is quick and very fortunate for the well-being 
of the animal, no entelechy need be assumed. The formation of the 
new openings may be explained mechanktically. They appear to 
result from the stimulus of the ligature acting upon the reflex organiza- 
tion and the peculiar structure of the animal. 

The newly developed specific features of the tunic around the open- 
ing probably result from the influence of organizers in the mantle act- 
ing upon the tunic cells plus the mechanical influence of the constrictor 
muscles of the siphon. 

Department of Anatomy, 

University of North Carolina, 

Chapel Hill, N. C. 

> Weiss, Paul 1928 Morphodynamische Feldtheorie und Genetik. Zeitschr. 
Indukt. Abstain, u. Vererbungsl. Supplement b., 8: 1567-’1574. 



92 JotTSKAL 09* TIES MmsaxuL 9ocmn [/l% 

EXPLANATION OF PLATE 7 

All figures *re from speoimeiis of the ascidian 8ty^ plieata. The drawings 
are by the author. The photographs are from the Department of Anatomy of 
Cornell Medical Collegei New York City. The plate is reduced two*thirds off. 
Magnifications given are after reduction. 

1. Longitudinal section of expanded normal inhalent siphon. The figure shows 

the thick outer cellulose tunic continuous at the margins or lips of the 
siphon with a thin layer of tunic which extends down the inner side of the 
mantle approximately as far as the Junction of the siphon with the branchial 
chamber. Photograph X 3i. 

2. Longitudinal section of inhalent siphon of experimental specimen Y 1, draw- 

ings of which are shown in figures 4a and 4b. The approximate plane of the 
section is indicated by the straight line in fig. 4b. x x indicates the po- 
sition of the ligature, which was removed before sectioning. Observe sec- 
tions of the ring of mantle torn off from the original siphon and remaining 
beyond the constriction of the ligature. Photograph X 3}. 

3. Longitudinal section of inhalent siphon of specimen XI. As in the specimen 

shown in figure 2, the mantle has been torn in two where constricted by the 
ligature. The proximal part of the mantle is withdrawn some distance 
below the ligature. The specimen was killed during early stages of thin- 
ning of the mantle. Photograph X 3i. 

4 a, b. Drawings from different views of specimen Y 1, a section from which is 
shown in fig. 2. Below the ligature in 4a observe the bulge caused by the 
pressure of water directed against the bare tunic by the nozzle-like mantle 
of the siphon. During narcotization and fixation the tension on the tunic 
was eliminated so that the bulge in fig. 2 is reduced as compared to that in 
the living animal. In 4b the curved line at * indicates the edge of the tom 
mantle seen through the translucent tunic. The straight line shows the 
plane of the section of fig. 2. X i. 

5. Section of specimen Y 2, which was narcotized and fixed shortly after the tunic 

had been ruptured at the point where the new lips of the mantle had di- 
rected the water pressure. The tunic is very thin in this region. The 
original distal portion of the mantle is shown in the mass of tunic beyond 
the constriction caused by the ligature. Photograph X 3}. 

6. Section of the inhalent siphon of specimen Z 1, which was narcotized and fixed 

after the formation of a new opening and differentiation of new siphon lips. 
The tunic of the distal, tied off portion of the original siphon is still present 
as a mass at one side. Photograph X3i. 

7. Hemiseotion of specimen R 1. The mantle of the original siphon was torn at 

the ligature, and the distal portion is shown in the mass of tunic beyond 
the constriction; the proximal portion points towards the bare thinned 
tunic against which water has been directed. Camera outline drawing 
X 6. 

8. Specimen with new siphon opening seen from the side after removal of the tunic 

from one side to shisw the muscular mantle, through which the gonads may 
be seen. Drawing X H. 





ANOPHTHALMID BEETLES (FAM. CARABIDAE) FROM 
TENNESSEE CAVES 

By J. Manson Valentine 

Plate 8 

INTRODUCTION 

Of the seventeen caves visited in Tennessee, ten have yielded new 
forms of blind carabids of the genus Pseudanophthalmits, Out of eleven 
species and two subspecies found in this state, all except one species 
(engelhardti Barber) have turned out to be new. The following is a 
list of the caves of Tennessee in which the author has collected; to 
each productive of anophthalmids is appended a notation of the fauna 
insofar as it is known: 

1. Wonder Cave, Monteagle P.interrnediuB;P,ktmer€d%Bbrevi$. 

2. Crystal Cave, Monteagle P. humeralis. 

3. Johnson's Cave, Monterey P. rohustus. 

4. King Solomon's Cave, Cumberland Gap P, hirsutua. 

5. English Cave, Cumberland Gap P. engelhardti; P. rotundatua. 

6. Lookout Mountain Cave, Chattanooga 

7. Tennessee Cave, Raccoon Mountain P. digiiua; P, fulleri, 

8. Nickajack Cave, Shell Mound 

9. Craighead Cave, Sweetwater 

10. Indian Cave, New Market 

11. Grand Caverns, Byington P, teneaenaia n. sp. 

12. Wash Lee Cave, Livingston 

13. Bunkum Cave, Byrdstown P. rohuatita healdti n. ssp. 

14. Piper Cave, Monoville P. cumherlandua n. sp. 

15. Lindsey Williams' Cave, Doweltown 

16. Gin Bluff Cave, Liberty 

17. Dunbar Cave, Clarksville P. ciliaria n. sp. 

Many promising caves in the state have yet to be investigated and 
should prove a fruitful field for future research. 

For the most part, the above insects have been described in former 
papers*; four remain to be described herewith. 


* See bibliography. 
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TECHNIQUE 

All measurements were made with the aid of a micrometer eye-piece 
graduated to tenths of millimeters. Curved surfaces were measured 
as the chords of those surfaces between the desired limits. Since traits 
of contour and proportion cannot be expressed by linear measurements, 
an attempt was made to describe such with the aid of indices. Prin- 
cipal ratios were obtained in the following manner: 

1. Head index: the distance across the eyes (width), measured dor- 
sally from their outer margins, divided by the distance from the outer- 
most extremity of the mandibles in parallel position to the anterior 
margin of the pronotum when the head is parallel to the latter and 
normally articulated (length). 

2. Pronotal index: the greatest transverse distance across the pro- 
notum (width) divided by the distance from the anterior to the pos- 
terior pronotal margins measured in the mid-dorsal line (length). 

3. Elytral index: the greatest transverse distance across the el5rtra 
(width) divided by the distance, measured along the suture, from the 
farthermost elytral apex to a point directly opposite the apices of the 
humeral tubercles (the greatest exposed length); when the insect is 
normally articulated, the latter point coincides exactly with the pos- 
terior margin of the pronotum. 

4. Height-length index: the deepest measurement of the abdomen 
plus the elytron when normally articulated (height) divided by the 
total length; the latter is the sum of the head, pronotal, and elytral 
lengths. 

6. Height-width index: the height divided by the elytral width 
{greatest width), 

6. Antennal segmental index: the greatest length of the second an- 
tennal segment divided by the greatest length of the third, measured 
dorsally. 

7. Setal index: the length of the humeral set of four marginal, seti- 
gerous papillae divided by the distance between the fourth papilla 
(most posterior of this series) and the fifth (more anterior of the medial, 
marginal sgt of two). 

8. Genital \index: the length of the median lobe of the aedeagus, 
measured as its chord and including the basal plate, divided by the 
total length of the insept. 

The camera lucida drawings were made by the author. 
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Pseudanophtiislmtts cUiaris n. sp. 

Hcloiype c?, allotype $ : U. S. National Museum. J. M. Valentine, 
J. C. BeaJkley, collectors, 1935. 

Type locality: Dunbar’s Cave, Clarksville, Tennessee. 

Hohtype o' (Plate 8, fig. 1): length 11.7 mm.; width 4.0 mm.; height- 
length index .23; height-width index .68; head index .56; pronotal 
index 1.15; elytral index .63; antennal segmental index .82; setal 
index .30; genital index .18. Color: light reddish brown. 

AUotype $ : length 10.9 mm.; width 3.7 mm.; height-length index .23; 
height-width index .68; head index .58; pronotal index 1.15; elytral 
index .63; antennal segmental index .80; setal index .34. Color: 
light reddish brown, elytra yellowish brown. 

General description: Light reddish brown to pale yellowish brown; elon- 
gate, convex; dorsal surface reticulo-alutaceous. Antennae: long. 
Head: narrow, rather elongate. Pronotum: very sparsely and finely 
pubescent; narrow, sides gently sigmoid; posterior, angles acuminate; 
lateral tubercles of the posterior margin dentate, produced. Elytra: 
narrow; convex, basal disc depressed, humeri rounded; margins nar- 
row; striae distinct, impunctate, apical striae arcuate ;interval8 convex, 
each with a narrow band of from one to four rows of fine, rather 
long, straight pubescence. Legs: long. Aedeagus (Plate 8, fig. la): 
large; median lobe straight distal to basal bulb which is abruptly 
deflected, uniformly tubular; apex slightly dilated and not produced 
in sagittal view, median lobe slightly constricted over apical third 
in lateral view; lateral pieces attenuate, bearing four, long setae. 

This species was taken on April ninth in considerable numbers on 
the mud banks of the principal cave stream and on rotting boards and 
muddy floors in passageways and stalactitic chambers. The author 
has never seen an anophthalmid more abundant or more ubiquitous. 
A type series of forty were taken but only a fraction of those seen were 
captured. It is surprising to find a population of this size in a cave 
which has been commercialized ; perhaps the presence of a sizable cave 
stream and the extensiveness of the cavern will insure the safety of the 
colony as has been the case in the Mammoth Cave complex. 

CUiaris resembles pvbescens (Horn) of Cave City, Kentucky, in form 
and pubescence but is smaller, more elongate, and less hairy. These 
two species are representatives of colonies from two separate drainage 
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systems, the former being located on the Red River, a tributary of the 
Cumberland, while the latter belongs to the Green River system. 
They might have originated from a parent stock dwelling in that region 
of Kentucky which divides these two water-sheds; however, a compara- 
tive study of genitalia reveals that dliaris and pubeacens are now widely 
divergent. 


Pseudanophthalmus cumberlandus n, sp. 

Holotype cf*, allotype 9 : U. S. National Museum; J. M. Valentine, 
J. C. Beakley, collectors, 1935. 

Type Locality: Piper Cave, Monoville, Tennessee. 

Holotype c? (Plate 8, fig. 2) : length 9.5 mm. ; width 3.4 mm. ; height- 
length index .22; height-width index .62; head index .64; pronotal 
index 1.17; elytral index .65; antennal segmental index .80; setal 
index .76; genital index .14. Color: pale yellowish brown, slightly 
reddish. 

Allotype 9 : length 9.5 mm.; width 3.4 mm.; height-length index .22; 
height-width index .62; head index .62; pronotal index 1.15; elytral 
index .64; antennal segmental index .80; setal index .70. Color: 
pale yellowish brown. 

General description: pale yellowish brown; transverse, rather flat; finely 
reticulo-alutaceous, more distinctly and regularly so on head. An- 
tennae: normal. Head: narrow, not elongate. Pronotum: normal, 
sides gently sigmoid; posterior angles rectangular, rounded; lateral 
tubercles of posterior margin distinct, obtuse; disc bearing several 
rather long setae. Elytra: transverse, rather flat, basal disc not de- 
pressed, humeri angulate; margins rather wide; striae distinct, im- 
punctate, apical striae arcuate; intervals feebly convex, glabrous. 
Legs: normal. Aedeagua (Plate 8, fig. 2a): small; median lobe 
short, arcuate without distinct basal flexure, tapering over the distal 
third to a rounded apex; transfer apparatus long, sigmoid in lateral 
view; lateral pieces armed with four setae. 

Five specimens in all were taken on the muddy floor of a moist, lateral 
passage, Aj^ril seventh. The cave is a spacious one and is said to ex- 
tend as a simple passage two miles to the Cumberland River. For the 
most part it is dry, there being no cave stream. It is situated at Mono- 
ville, four miles north of Carthage on the north side of the river. 

In form of body and general plan of aedeagus, cwmherlandus is remini- 
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scent of homi from the rock quarries of Lexington, Kentucky. How- 
ever, the resemblance must be considered one due to parallelism rather 
than relationship until caves of the water-shed shared by the Kentucky, 
Green, and Cumberland Rivers yield a common ancestor whose deriva- 
tives may have wandered to the respective points, a hundred and fifty 
miles apart, where the two species now occur. Cumberlandus differs 
noticeably from homi in being coniaderably larger and more elongate 
and in having a far greater genital index and a much smaller transfer 
apparatus. 

Pseudanophthalmus robustus beaklei n. ssp. 

Holotype cf*, allotype 9 : U. S. National Museum; J. M. Valentine, 
J. C. Beakley, collectors, 1935. 

Type locality: Bunkum Cave, Byrdstown, Tennessee. 

Holotype c?* (Plate 8, fig. 3): length 9.5 mm.; width 3.4 mm.; height- 
length index .22; height-width index .62; head index .60; pronotal 
index 1.20; elytral index .67; antennal segmental index .76; setal 
index .69; genital index .20. Color: light reddish brown, elytra paler. 
Allotype 9 : length 10.6 mm.; width 3.7 mm.; height-length index .22; 
height-width index .62; head index .58; pronotal index 1.21; el3rtral 
index .65; antennal segmental index .76; setal index .65. Color: 
light reddish brown. 

General description: light to pale reddish brown, rather transverse, 
moderately convex; very finely reticulo-alutaceous, more distinctly 
and regularly so on head. Antennae: normal. Head: normal. 
Pronotum: transverse, quadrate; sides gently arcuate with rather 
wide margins; hind angles rectangular, sharp; basal tubercles den- 
tate, produced; disc glabrous. Elytra: transverse, convex, with su- 
tural and basal regions flattened; humeri full, rounded; margins wide, 
distinctly serrate at humeri; striae deep, regularly, deeply but spar- 
ingly punctured, apical striae arcuate; intervals convex, glabrous. 
Legs: normal. Aedeagus (Plate 8, fig. 3a) : long; median lobe evenly, 
narrowly cylindrical, slightly arcuate, constricted over distal fourth, 
abruptly bent at basal flexure; apex spatulate-rounded in sagittal 
view, elongate-knobbed in lateral view; lateral pieces relatively short, 
arcuate, bearing four setae, the central pair of which is long. 

Robustus beaklei resembles true robustus in nearly every respect; the 
punctuation of the elytral striae is slightly less distinct and regular and 
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the head is a little broader in the typical form. The main point of dif- 
ference lies in the aedeagus which is straighter and narrower in beaklei 
and possesses much shorter and more curved lateral pieces. 

It is remarkable that two such closely related forms as rohustua and 
its vague subspecies should occur so far apart geographically. Fully 
forty miles intervene between the two type localities. Both caves, 
however, drain into the Cumberland River to the east of which Mon- 
terey (type locality of rohustua) and Byrdstown are located. 

The author takes pleasure in naming this anophthalmid in honor of 
Mr. John C. Beakley who first discovered the insect in Bunkum Cave 
and who aided in collecting the paratype series of twenty in the author^s 
collection. They were taken running over the banks of the cave 
stream which nearly filled the narrow passageway throughout the 
quarter mile or more of easily travelled cavern. The cave water flowed 
out through the mouth of the cave, continuing as a surface stream, a 
condition seldom encountered in caves supporting an anophthalmid 
population. The date of collecting was April sixth. 

Pseudanophthalmus tenesensis n. sp. 

Holotype d': U. S. National Museum; J. M. Valentine, collector, 1934* 
Allotype 9 : col. Valentine; J. M. Valentine, collector, 1932. 

Type locality: ^^Grand Caverns^^ Byington, Tennessee. 

Holotype d (Plate 8, fig. 4) : length 8.00 mm. ; width 2.65 mm. ; height- 
length index .20; height-width index .60; head index .61; pronotal 
index 1.16; elytral index .62; antennal segmental index .81; setal 
index .61; genital index .15. Color: pale yellowish brown, head and 
pronotum slightly darker and redder. 

Allotype 9 : length 7.8 mm.; width 2.5 mm.; height-length index .19; 
height-width index .60; head index .64; pronotal index 1.15; elytral 
index .59; antennal segmental index .81 ; setal index .67. Color: very 
pale yellowish brown, head slightly darker. 

General description: pale yellowish brown; elongate, flattened dorsally; 
very finely reticulo-alutaceous, more regularly and coarsely so on 
head. Antennae: normal. Head: narrow. Pronotum: narrow, 
sides neWy straight over basal two thirds, very gently arcuate; 
lateral margins narrow; posterior angles rectangular, sharp; lateral 
tubercles of the basal margin dentate, not produced. Elytra: 
narrow, disc flat, humeri rounded, not well developed; margins nar- 
row; striae almost obliterated, apical striae sinuate; intervals feebly 
convex, bearing rather long, sparse pubescence. Legs: normal. 
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AedeaguB (Plate 8, fig. 4a) : average size; median lobe strongly arcuate 
in lateral view, elevated in center, tapered into a truncate apex over 
distal half; in sagittal view, nearly straight, apex tongue-shaped; 
basal bulb not well differentiated, basal flexure very obtuse; transfer 
apparatus long, internal piece sinuate; lateral pieces armed with 
three, short setae. 

Judging particularly by its genitallc equipment, tenesensis is related 
most closely to three other species occurring to the west and north and 
near the source of the Tennessee river: humeralis from Monteagle, 
Tennessee, lodingi from Huntsville, Alabama, and engelhardti from the 
Powell River at Cumberland Gap. To this group tenesensis unques- 
tionably belongs and forms another link in the chain of related yet 
isolated species found from extreme northeastern Tennessee to north- 
eastern Alabama. 

A female was taken on March 15th, 1932, and a male on May 24th, 
1934, running over wet, rotting boards. ‘^Grand Caverns^' is a small, 
rather dry cave vdthout a cave stream. In spite of its habitat being 
commercially exploited, the small colony of this minute species is prob- 
ably holding its own. 


REMARKS 

In drawing conclusions regarding the effect of cave life on anophthal- 
mids and the consequent isolation which is undoubtedly conducive to 
the evolution of species, a striking example of the independability of 
this factor must be borne in mind. At Monteagle, Tennessee, Crystal 
Cave and Wonder Cave, only a thousand feet or so apart, yield two 
distinct forms of a single species, namely: humeralis and humeralis 
brevis. These can be distinguished externally by the more angular and 
produced humeri characteristic of the colony from Crystal Cave (Awmcr- 
alis). This difference, of course, may be interpreted as evidence that 
the two colonies do not and probably cannot interbreed. However, 
lodingi^ as it occurs in Shelta Cave, Huntsville, Alabama, has been 
found to be identical in external as well as internal features with a 
colony living at the bottom of Natural Well, 320 feet below the surface 
of Monte Sano and several hundred feet above Shelta Cave, some ten 
miles distant (collected by Drs. Walter Jones and H. P. Loding); 
it is likewise identical with another colony, discovered by the 
same collectprs, thirty miles to the northeast at Aladdin Cave, 
Madison Co. 
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EXPLANATION OF PLATE 8 
The measured line indicates actual size of object figured. 

Fig. 1. PaBudanophtkalmoB eiliaria n. sp., holotype cf . Dunbar Cave, Clarks- 
ville, Tennessee. 

Fig. la. Aedeagus of same, sa^ttal (lower) and lateral (upper) views. 

Fig. 2. Paeudanophthalmua cumherlandua n. sp., paratype d*. Piper Cave, 
Monoville, Tennessee. 

Fig. 2a. Aedeagus of same, sagittal (lower) and lateral (upper) views. 

Fig. 8. Paeudanophthalmua robuatua beaklei n. ssp., holotype d*. Bunkum Cave, 
Byrdstown, Tennessee. 

Fig. 3a. Aedeagus of same, sagittal (lower) and lateral (upper) views. 

Fig. 4. Paeudanophthalmua teneaenaia n. sp., holotype d*. “Grand Caverns”, 
Byrdstown, Tennessee. 

Fig. 4a. Aedeagus of same, sagittal (lower) and lateral (upper) views. 





A CYTOLOGICAL STUDY OF THE SKIN GLANDS OF 
THE DUSKY SALAMANDER 

By Mary Idolene McManus 
Plates 9-11 

INTRODUCTION 

Skin glands of Amphibians have, since 1840, been favorite objects 
of study. In spite of the great numbers of investigations carried out, 
there is still no general agreement concerning many of the phases of 
the work, such as (1) origin of glands, (2) number and kinds of glands, 
(3) origin and character of secretion, (4) gland musculature, (5) nature 
of the regeneration process. 

The present work was undertaken with the idea of studying anew 
some of these unsettled questions; it deals especially with kinds of 
glands, differentiation and regeneration phenomena. Observations on 
gland musculature are also reported. 

The work was suggested by and done under the direction of Dr. Geo. 
T. Hargitt, to whom the writer is deeply indebted for valuable aid and 
criticisms. 


materials and methods 

Specimens of dusky salamander, Desmognathus fuscus (Rafinesque) 
were taken from the same general locality in the Duke Forest, in 
January, February, October, November, December 1934, January, 
February and March 1935. Most material was fixed within a few 
hours after collection, though some specimens were kept in the labora- 
tory, under conditions similar to those of the natural environment, 
from one to forty days for study of regeneration of glands. 

Of the common fixing fluids employed, Zenker’s with formalin in- 
stead of acetic acid was by far the most satisfactory for the skin in its 
entirety. For general histological study, Ehrlich’s hematoxylin fol- 
lowed by eosin gave good results. As special differentiating stains 
Hoyer’s thionin and Mallory’s triple connective tissue stain were ex- 
tensively employed with excellent results. Methylene blue and 
Mayer’s mucicarmine and mucihaematin were also used occasionally. 

101 
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TYPES AND differentiation OF SKIN GLANDS OF AMPHIBIA 

Size, character of secretions, and histological structure are criteria 
that have been used to differentiate types of skin glands of Amphibia. 
Size alone was the basis used by earliest investigators. Engelman 
(72) used the terms ‘Schleimdriisen’ and 'Kornerdrtisen', and these 
terms have since been generally employed. The majority of investiga- 
tors believe that the skin glands of Amphibia are of two distinct types, 
mucous and granular, but some few investigators have found only 
mucous glands. Others hold that only one type, the granular, is 
present as a mature form. A mixed type is observed by many investi- 
gators, but various interpretations are given to it. Nicoglu (^93) in 
Triton regards the mixed gland as a temporary condition, caused by 
replacement of a granular gland by a mucous one or vice versa; Niren- 
stein (’08) observes temporary mixed glands in Salamandra maculosa^ 
arising as mucous glands and replaced by granular ones. Hoyer (’90) 
describes a mixed condition in some poison glands and suggests the 
possibility of transformation of mucous cells into poison cells, but direct 
proof is not given. Esterly (’04) is of the opinion that the mucous 
sac, observed in the poison glands of Plethodon, enlarges and meta- 
morphoses into a poison gland, and mucous cells transform into poison 
cells. However, he was not able to demonstrate such a transformation. 
Nirenstein also by indirect proof concludes that such a transformation 
takes place in cells of Salamandra maculosa, Dawson (’20) thinks the 
mixed condition as observed in Necturus is probably permanent. Theis 
(’32) finds no evidence of transformation of mucous glands into poison 
glands or vice versa. 

In Desmognathus I find that skin glands are functionally mucous and 
granular, as shown by differential stains (figs. 1, 2). Several types of 
mixed glands are present, resulting from transformation of mucous 
cells into granular cells; or from regenerating processes. Evidence pre- 
sented by my preparations makes it possible to demonstrate that 
mucous cells actually transform into granular cells. In glands of 
Desmognathus, stained in thionin, cell after cell is noticed in which 
the basal portion contains a homogeneous purple mucous secretion, 
and the free end of the same cell contains a blue mass of distinct gran- 
ules. Mallory’s stain is even more convincing; gland after gland is 
observed in which some cells show a true mucous reaction; a neighbor- 
ing cell of the same gland contains granules which stain blue, exactly 
as the first cell; other granulet^ in the same cell are greenish, others 
yellow-orange, and red (figs. 6-8, 13, 15-17). Mallory’s stain is known 
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to stain mucus blue, and other investigators using it state that it stains 
granules red, thus the above evidence is proof that transformation of 
a mucous cell into a granular one takes place. Nirenstein holds that 
direct proof would consist in finding, in the same cell, some granules 
giving the mucous reaction and others giving the typical granular 
reaction. This condition occurs abundantly in my preparations. In 
addition to this type, other types of mixed glands are observed, involv- 
ing the old gland and a new anlage which is associated with it. In prac- 
tically all completely matured granular glands there is noticed the 
structure designated as the ‘Heidenhain gland sac.^ This is present 
in all degrees of development from a few indifferent cells in the inter- 
calary region to an almost completed granular gland (figs. 13-17). In 
longitudinal sections of glands this sac, in its early stages, is observed 
as a very inconspicuous, non-differentiated cell mass, near the opening 
of the duct in the intercalary region; as development proceeds, the 
cells increase in size and number, and most commonly begin to grow 
around the old gland wall between the muscle layer and old poison 
cells. At first the structure consists of a solid mass, then with the 
acquisition of a lumen, sections show two layers of cells present, one 
on each side of the developing cavity. Typically the cells of the inner 
layer are smaller than those of the outer layer, and in many cases are 
seen to consist of only a very fine protoplasmic strand with or without 
nuclei. This layer may consist of low epithelial cells in which no 
granules can be observed, or more commonly of cells filled with gran- 
ules like those in cells in the outer layer (figs. 14, 16, 17). As develop- 
ment proceeds some cells are observed in both layers in which the entire 
contents give the mucous reaction, other neighboring cells react like 
poison granules, and still others give reactions intermediate between 
these, a condition that may also be found in the old gland itself (figs. 
13-17). In such anlagen the red granules are usually nearest the free 
end of the cells, followed by yellow-orange ones, with blue ones nearest 
the base (figs. 15-17). Similar results are obtained with thionin, for 
some cells of the bud stain a homogeneous purplish color, while others 
have deep blue granules at the free end of the cells with the homogene- 
ous purple near the base. Other adjoining cells are completely filled 
with blue granules. The number of differentiated cells forming the 
bud varies from five or six to many; and quite often the bud is seen 
to extend as far as the posterior pole of the old gland, and in some cases 
it occupies two thirds or more of the gland globus (figs. 14-16). Oc- 
casions^y the bud has developed so far in size and form as to appear 
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like a mature mucous gland, with epithehum low and cubical, and the 
majority of cells containing various colored granules, while a smaller 
granular mass, remains of the mother gland, is pushed far to one side 
of the large bud, which has almost completely filled the old gland 
cavity. All basal cells of the bud are differentiated, but those nearest 
the upper pole still take the cytoplasmic stains. Cells of the outer 
layer of the bud appear to grow faster than those of the inner layer, 
and always react to differential stains, while many times those of the 
inner layer are still undifferentiated and take only protoplasmic stains 
(fig. 17). Another similar mixed gland is observed in a few glands of 
Desmognathus, except in this case the tjrpe of gland involved is the 
mucous one (figs. 11, 12). Ingrowth is the same for this type as that 
described for the granular one; the ingrowing bud is evidently pushing 
away the old mucous epithelium and taking its place (figs. 11, 12). 
As the bud increases in size the mucous part becomes smaller, but re- 
tains its mucous character, as shown by its color reaction to specific 
stains. The first two conditions are typical, occurring in great abun- 
dance, while the last is met with only occasionally. 

General gland structure as observed in Desmognathus does not dif- 
fer essentially from that found in other Amphibia (figs. 1, 2). The 
muscles however, need some comment. Observers generally agree 
that there is present a muscular layer for granular glands, but very few 
report it for mucous glands. Gland muscles in a few cases have been 
reported to extend into the epidermis, and to connect by intercellular 
bridges to epidermal cells. In Desmognathus well developed muscle 
fibers are present on both mucous and granular glands (figs. 1, 2). In 
longitudinal sections of glands, fibers are much more conspicuous and 
numerous in the intercalary region, but they are not restricted to this 
region alone. The muscularis stains a purplish color in Mallory^s 
stain and is easily distinguished from the dense blue connective tissue 
with which it is in close contact (figs. 6, 14, 17). At the anterior pole 
of glands broad bands of muscles insert on Schaltzellen (Nicoglu '93), 
and pass over the outer surface to surround them before passing into 
the epidermii^ (figs. 1, 2, 5). Dilator and constrictor muscles can be 
observed around mouths of ducts, just within the epidermis, above the 
outer dense layer of connective tissue of the corium (figs. 3, 4). Esterly 
is the only other investigfttor who has reported such muscles, and so 
far as I can determine these in Desmognathus are the same in structure 
and function as those in Plfethodon (Esterly '04). 

All types of glands develop from the epidermis, and are in the earliest 
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stages non-differentiated. The first signs of differentiation can be ob- 
served before a lumen forms, in that cytoplasm in some cells begins to 
take on characteristic colors of mucus with differential stains. Dif- 
ferentiation proceeds in two directions: the cells either become arranged 
to form a low cubic epithelium, characteristic of t 3 rpical mucous glands, 
or they become tall and cylindrical to form giant epithelial cells of 
granular glands. Such changes as the following are characteristic: 
Glands without a lumen, cells of which give mucous reactions; similar 
glands in which the majority of cells show the typical mucous reaction 
with a few cells entirely granular, while still other cells are mixed. 
Thus a transformation may be followed from mucoid granules through 
a mixed series to final forms. This same process takes place in regener- 
ating gland anlagen (figs. 13-17). Some large Leydig cells of the old 
gland, in which cell walls are still distinct, show mucoid granules and 
mature granules existing side by side (fig. 13). The Heidenhain gland 
sac is present in some glands thus characterized, and shows the same 
conditions as given for giant cells of the old glands (fig. 13). Glands 
can be observed in which all cells contain only mature granules, but 
there is an indication of mucous material intermingled in the cell con- 
tents. Finally, glands show only mature granules in enormous cells 
completely filling the gland cavities. Cell walls eventually rupture, 
and the granular mass is free in the gland globus. 

My preparations thus show no evidence that the types of glands in 
very early stages of development are mucous and granular. Origin 
and development are the same up to a certain point when differentia- 
tion takes place. Gland anlagen are at first indifferent and later be- 
come mucous. These differentiate in two directions to become either 
functional mucous glands, so prevalent in the skin, or large granular 
glands, so characteristic of the skin of most Amphibia. Thus I agree 
with Nirenstein that poison glands may arise from mucous glands. In 
my material, evidence is furnished in a limited number of cases to 
show that a typical mucous epithelium is replaced by a poisonous 
(granular) one in the way described by Nirenstein — granular epithelium 
grows from the intercalary region between mucous cells and gland 
muscles to push mucous epithelium from its original position, and to 
take its place (figs. 11, 12). My observations support the following 
conclusions: Granular glands are formed typically by metamorphosis 
of a young non-functioning mucous gland into a granular one; less 
often by metamorphosis, cell by cell of a typical matured mucous gland; 
quite commonly by regeneration of the old poison gland by a new gland 
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bud growing within the old poison cavity; and occasionally by a new 
gland bud growing into and replacing old mucous epithelium of a former 
gland (figs. 6-8, 11-17). Since mucous glands are differentiated first, 
and since granular glands are formed from mucous glands, there is 
logic in Nirenstein’s belief that mucous glands are phylogenetically the 
older glands. 

Although the most recent investigators of Amphibian skin glands, 
Frederikse (^31) and Theis ('32), find a separate origin and development 
of mucous and poison glands, and hold that there is no genetic relation 
between the two, mucous glands being always only mucous glands and 
poison glands only poison glands, evidence gained by the use of Mal- 
lory^s stain and Hoyer’s thionin furnishes conclusive proof that in 
Desmognathus mucous glands metamorphose into granular glands 
during their histogenesis (figs. 6-8). 

FATE AND REGENERATION 

It is the consensus of opinion that cells of mature poison glands pass 
bodily into the secretion mass. The emptied gland cavity then de- 
generates completely, and a new gland regenerates to take the place of 
the depleted one. Depleted granular glands are replaced by either 
of two definite processes — by entirely new origin (Engelman 72, Junius 
'96, Muhse '09) or by a regeneration process involving a gland bud 
(Heidenhain gland bud) which grows into and fills the old gland cavity 
(Nicoglu '93, Heidenhain ’93a, Vollmer ’93, Esterly '04). My observa- 
tions support the latter. 

Nirenstein (’08), as previously stated, observed an epithelial sac in 
the glands of Triton and Salamandra maculosa, which he says is identi- 
cal with the Heidenhain gland sac, but which he interprets as a method 
by which a mucous gland is replaced by a granular one, rather than a 
regeneration process. Heidenhain and Nicoglu report that the gland 
sac has the character of young poison cells (granular), but Nirenstein 
sajrs that without exception the sac is mucous in character. Bristol 
and Bartelmez (’08) and Shipley and Wislocki (’15) find that the poison 
gland degenerates, the remains are removed, and one of the five or six 
undeveloped glands found about the mouth of the functional gland 
grows down to occupy the place of the former gland. Frederikse (’31) 
concludes that glands of frog skin can be made to degenerate by elec- 
trical stimulation and by injection of adrenalin. The degenerated 
glands then regenerate themselves by a transformation of the so-called 
covering cells (smooth muscle cells). 
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My preparations show that the fate and regeneration of granular 
glands are primarily the same as described by Nicoglu (^93) for Triton; 
death and degeneration follow the formation and expulsion of the secre- 
tion. The regenerating gland anlage originates similarly, and the 
method of growth is likewise similar. However, in one essential point 
I disagree with Nicoglu, Heidenhain, and Vollmer. They state that 
the gland bud is granular. Esterly maintains that it is always mucous 
in character. I am forced to t£ike a stand that is not in accord with 
either, for in Desmognathus this bud certainly is not granular to begin 
with, nor does it remain mucous for any length of time (figs. 13-17). 
All of Esterly's figures show it as a pure mucous bud regardless of its 
size, but he suggests that it takes over the function of the replaced 
granular gland. My material shows that a small bud, consisting of 
only three or four cells, may be observed occasionally as entirely 
mucous, but in general the gland bud is either mixed or pure granular. 
The mixed condition is most abundant, in which some cells are mucous, 
other cells are mucous and granular, and others are only granular 
(figs. 13-17). This means that mucous cells are metamorphosing into 
granular cells, and since practically every gland bud shows this condi- 
tion rather than pure mucous or pure granular characteristics, I hold 
that the cells of the bud are first differentiated as mucous cells which 
one by one quickly change to granular cells, just as is the case with 
cells of the mother glands. Since the metamorphosis is not simultane- 
ous for the cells, a temporary mixed bud results, and granular glands 
as well as granular cells go through a mucous or mucoid-like stage 
before reaching maturity. 

Nirenstein (’08) opposes the view of Nicoglu, Heidenhain, Vollmer, 
and Esterly in regard to the gland sac. It results from a process of 
replacement of mucous epithelium by granular epithelium, as granular 
epithelium grows in between mucous epithelium and muscles of the 
gland. As fast as the number of granular cells increases with develop- 
ment, the number of mucous cells decreases. My preparations show 
this can not be the case generally, because the fewer the number of 
cells present in the gland bud the more mucous it is, and, as the bud 
increases in size and number of cells, the new granular cells become 
more numerous and the mucous less numerous, while at the same time 
the old granular mass gradually becomes smaller (figs. 13, 15, 16). 
This could not be the case if the mucous epithelium were being replaced 
by granular epithelium in the way described by Nirenstein. Other 
evidence against this view is that new non-differentiated cells of the 
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bud are seen growing down from the intercalary cells which gradually 
metamorphose into mucous cells before becoming granular ones (figs. 
13-16). In view of the evidence listed I repeat that mucous cells 
metamorphose into granular cells, and that degenerating granular glands 
are regenerated by the ingrowth of a new gland anlage into the old 
gland cavity. On the other hand some evidence is presented by my 
material to show that Nirenstein was right in what he saw and in his 
interpretation of such. Glands are occasionally present in Desmog- 
nathus in which the same type of gland bud occurs, and grows down- 
ward in the old gland cavity in the same way, but as it grows it pushes 
away mucous epithelium from the old gland wall instead of granular 
epithelium; there is accordingly formed a mucous bud which gradually 
becomes smaller as the granular mass increases in size just as is de- 
scribed by Nirenstein (figs. 11, 12). In the first case an old granular 
gland is involved, while in the second an old mucous one; both types 
are present in one slide and thus it is obvious that both authors can be 
right in their observations and interpretations. 

Few investigators have seriously attempted to solve the fate of 
mucous glands and since practically no evidence is available to show 
the fate and regeneration of these, it seems worth while to examine the 
possibilities suggested by Arnold (’05). No evidence is gained in my 
study to support the possibility that new epithelium may be developed 
by a downgrowth from the epithelium into the old gland. The pos- 
sibility that the cells may not be destroyed in secretion, but rejuvenate 
themselves from the non-metamorphosed part of the cytoplasm seems 
plausible. Occasionally my preparations show three or four basal 
cells in the mucous glands as low, cubical epithelium in contrast to the 
much larger mucous cells in other regions of the gland. As a rule the 
basal cells have begun discharging their mucus before the other cells 
of the gland, as is shown by the free secretion in the gland lumen. 
Whether the smaller size of these basal cells is due to the fact that they 
are being used up in secretion, or whether it is new epithelium which 
has grown from a small area of non-metamorphosed protoplasm at the 
base of the cells, I can not definitely say. The other possibility sug- 
gested by Arnold, that some cells may be destroyed in secretion and 
their loss offset by the differentiation of cells from the intercalary region, 
is a reality in Desmognathus (figs. 9, 10). A definite method of regen- 
eration involving new *cells growing from the intercalary region is 
certain. The cells budded from those of this region are observed to 
grow downward around the old gland cavity in a layer from the place 
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of origin. Varjdng degrees or development of this layer are observed, 
but no cases are noted in which this new growth has reached further 
than about half the distance of the gland body. Where this method 
of renewal is observed, the old mucous cells in the region of the new 
cells are completely degenerated; no cell walls or nuclei are apparent, 
and only a mass of secretion is in the place where former mucous cells 
once existed (figs. 9-10). Quite often these new cells show slight dif- 
ferentiation at their free ends into new mucous epithelium, and often 
the cell is entirely filled with secretion, but the epithelium is low and 
smaller in size than the old cells of the glands (fig. 10). It is known 
to be new epithelium and secretion because of the small size and of the 
purplish tinge intermingled with the blue of the typical mucous reac- 
tion to Mallory's stain, 

Arnold suggests that the time of year may have some influence on 
the regenerative processes in the gland. In my materials no prepara- 
tions made in the months of September, October and November show 
any indication of the regenerative process just described for the mucous 
glands, but in preparations made from December to March this method 
of regeneration is observable, both in specimens just captured and in 
specimens kept in the laboratory from one to six weeks. Practically 
every matured mucous gland in these preparations shows regeneration 
in some degree; those specimens kept in the laboratory show the re- 
generating process to a greater degree, and the ones killed after a week's 
stay show the process less advanced than those of two weeks' or longer. 
I think perhaps this is due to the fact that when these specimens were 
captured they were stimulated to such an extent that more mucus was 
given off than is done in the general routine of the animal's life, thus 
necessitating destruction of cells in the sudden response to meet new 
demands. As a result, more abundant and sudden regeneration is re- 
quired, and the longer the length of time allowed (as cited) after such 
an experience, the greater the degree of tegeneration. However this 
may be, regeneration is unmistakably taking place in mucous glands. 

SUMMARY 

Mature functional glands of Desmognathus are of the mucous and 
granular types. Mixed glands are abundant. All types possess a 
muscularis around the gland globus, and special triangular shaped 
dilator and constrictor muscles are found around the mouths of gland 
ducts, just above the corium. 

Glands are of only one kind in early development. No differentia- 
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tion is evident in the earliest stages, since contents of glands at this 
time give neither the mucous nor granular reactions characteristic of 
mature glands. Differentiation of primal glands into typical mature 
mucous glands and typical granular glands takes place. Granular 
cells and glands pass through a mucoid stage during histogenesis; some 
contain both mucous secretion and granular secretion at the same time, 
and intermediate stages can be traced from mucous cells to granular 
ones. 

Granular glands are destroyed in the elaboration and expulsion of 
secretion, and are regenerated by cells growing from the intercalary 
region. A new gland bud is thus formed which eventually fills the 
cavity of the old gland. Cells of the regenerating bud are first mucous 
and later granular; one cell after another gradually changes from the 
mucous type to the granular type; thus both young and parent gland 
pass through a mucous stage in development. 

Mature granular glands commonly arise from indifferent glands 
growing from the epidermis; these pass through a mucous-like stage 
before reaching their final form. Less commonly they form from 
matured functioning glands by transformation of mucous epithelium 
into a granular one, or by a regeneration of an old granular gland by 
means of an indifferent gland bud transforming into a granular one. 
Occasionally they arise by replacing an old worn-out mucous gland as 
a new bud ^ows into its cavity, or by a regeneration of the old granular 
gland by a similar gland bud. 

Mucous glands function more or less continuously for a varied period 
of time. In case mucous epithelium deterioriates or is destroyed it 
may be regenerated by new indifferent cells growing from the inter- 
calary region into the old gland cavity. 

Dbpartbibnt of Zooloqt, 

Duke University, 

Durham, N. C. 
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EXPLANATION OF PLATES 9-11 
Abbreviations 


C.M., Constrictor muscle 
C.T.N., Connective tissue nucleus 

C. T.S., Connective tissue sheath 

D. , Duct 

D.M., Dilator muscle 

F. C., Funnel cell 

G. C., Granular cell 
G.L., Gland lumen 

G.G.A., Granular gland anlage 
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G. S., Gratmlar secretion 

H. L., Homy layer 

I. C., Intercalary cells 
l.L.C.i Inner layer of cells 

M.C., Mucous cell 

M.F., Muscle fiber 

M. S., Mucous secretion 
MX.C., Mixed cell 

N. D.C., Non-differentiated cells 
N.M.C., Nucleus of muscle cell 

N. M.E., New mucous epithelium 

O. L.C., Outer layer of cells 

R.C., Replacement cells 

R. G.A., Regenerating gland anlage 

S. C.i Schaltzellen 

T. E., Transforming epithelium 

All figures were drawn with the Abbe camera lucida. 

PLATE 9 

1. Median longitudinal section through a t 3 ^ical mature mucous gland showing 

duct, Schaltzellen, non-difterentiated epithelial cells, mature mucous cells, 
discharging mucous cells, connective tissue sheath, muscles, epidermal 
replacement cells, intercellular bridges, horny layer. Ehrlich’s haema- 
toxylin and eosin. (X 660). 

2. Median longitudinal section through a typical granular gland; basal cell walls 

faintly visible, walls of upper cells completely disintegrated; secretion is 
being expelled. Horny layer is not shown. Ehrlich’s haematoxylin and 
eosin. (X 660). 

3. Slightly tangential section, cut just below epidermis, to show arrangement of 

Schaltzellen, and muscle fibers. Mallory’s connective tissue stain. (X 660). 

4. Section cut parallel to outer surface of epidermis, just above the corium, to 

show the funnel cell, replacement cells, dilator and constrictor muscles 
and nuclei. Mallory’s connective tissue stain (X 1333). 

5. Longitudinal section through the epidermis, cut just to one side of the duct, to 

show epidermal muscle cells (large central pyramidal basal cell, just above 
corium), funnel cell and horny layer lifted from the duct. Mallory’s con- 
nective tissue stain (X 1333). 

PLATE 10 

6. Cross seMon through a mucous gland to show muscle fibers, mucous cells, 

transformation of mucous cells into granular cells; discharging mucous 
cells. Mallory’s connective tissue stain (X 660). 

7. Similar gland to preceding one to show a more advanced stage of transforma- 

tion of mucous cells into granular cells. Mallory’s connective tissue stain 
(X 660). 

8. Functional mucous gland transforming into a granular gland; longitudinid 
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section. Cells of upper section of gland completely changed to a granular 
secretion; several cells on the right in the process of transformation — ^mu- 
cous cells. Mallory^s connective tissue stain (X 660). 

9. Longitudinal section through a regenerating mucous gland to show complete 

disintegration of old mucous cells in the upper part of the gland, with new 
non-differentiated cells in this region. Lateral cell walls present in other 
gland cells; gland cavity completely filled with secretion. Mallory's con- 
nective tissue stain (X 660). 

10. A more advanced stage of a regenerating mucous gland; no indication of old 

mucous epithelium, entire gland cavity filled with mucous secretion. 
Upper section of gland shows new mucous epithelium and secretion differ- 
entiated. Mallory's connective tissue stain (X 660). 

11. Median longitudinal section through a gland to show ingrowth of granular 

epithelium to replace mucous epithelium — ^Mucous epithelium is being 
pushed from the gland wall. Mallory's connective tissue stain (X 660). 

12. The same gland cut two sections beyond the last. Mallory's connective 

tissue stain (X 660). 

PLATE 11 

13. Section through a regenerating granular gland, cut just to one side and partly 

through the duct. Shows gland anlage in early stage of development, with- 
out a lumen. No differentiated cells in the upper part of anlage ; transform- 
ing mucous cells, granular cells, and some mixed cells. Mallory's connec- 
tive tissue stain (X 060). 

14. Longitudinal section through a regenerating granular gland; anlage differen- 

tiated into an outer and an inner layer of cells — becoming granular — cell 
walls are gone in the old gland ; larger granules near the upper pole of old 
gland, smaller ones at the base; muscle and muscle nuclei at gland peri- 
phery. Ehrlich's haematoxylin and eosin (X 660). 

15. More advanced stage of a regenerating granular gland; outer and inner layer 

of cells in gland anlage, some cells are mucous, some are mixed, lumen in 
gland anlage. Cell walls of old gland have disintegrated, but an indication 
of their former presence is seen. Mallory's connective tissue stain. 
(X 660). 

16. A more advanced stage in a regenerating granular gland. Gland anlage has 

differentiated into an almost fully developed gland with a large lumen; cells 
of the two layers of the anlage are of practically the same size; some are 
mucous, mixed, granular. No indication of cell walls in old gland — a syn- 
cytial condition of the old gland epithelium. Mallory's connective tissue 
stain (X 660). 

17. Cross section of a regenerating granular gland to show muscles of gland; gland 

anlage with narrow, non-differentiated inner layer of cells, lumen, tall 
cylindrical differentiated outer cells; granules of old gland are widely scat- 
tered in the gland cavity. Mallory's connective tissue stain (X 660). 
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TECHNIQUE IN THE PREPARATION OF CHICK 
EMBRYOS FOR CLASS USE 

By C. D. Beers 

Special comment on the preparation of chick embryos for class use 
may seem on first thought superfluous, in view of the numerous meth- 
ods already at the disposal of teacher and technician (e.g., the use of 
filter-paper rings, fixation on cover slips and various methods of pin- 
ning out on wax). But in my experience each of the methods described 
in the standard technique books offers in practice unforeseen difficul- 
ties which must be circumvented in each case by the ingenuity of the 
I}reparator. Of the various procedures that have been tried in recent 
years in this laboratory, the following seems to offer the minimum in 
technical diffi(*ulty and in loss of specimens through manipulative in- 
jury. While 1 r(‘cognize that there is little in the procedure that is 
fundamentally new*, 1 have seen no mention of certain of the more 
useful details that follow*, and a published record of the procedure in 
its entirety seems desirable as an aid to others. 

Primitivr-Hireak stage ^ incubation age 17 hours. This stage is un- 
doubtedly th(* most difficult to prepare, not only because of its small 
size and extreme delicacy but because of the tendency of the vitelline 
membrane and the yolk to adhere tightly to the blastoderm. Em- 
bryos of this ag(' may b(' fixed satisfactorily as followvs: The egg is opened 
in the usual w^ay, i.e., by picking aw*ay one side of the shell with forc'cps 
or by cutting around the shell in a plane parallel to its long axis, and 
the yolk mass is immersed in a dish of warm salt solution (0.9^c NaCl, 
t(unp. 38°(\). The innermost layer of albumen usually adheres to 
the yolk at this stage ; it must be picked aw*ay w ith forceps. With sharp 
scissors cut about thnn^-quarters of the way around the blastoderm 
just at the periphery of the developing area opa(‘a vasculosa not 
beyond, for beyond the periphery the vitelline membrane adheres 
almost inseparably to iho developing blastoderm. 

Some of the yolk invariably pushes through the 270°-cut just made 
and lifts up the free edge of the blastoderm. This almost alw*ays causes 
the vitelline membrane to curl slightly toward the attached edge of 
the blastoderm and to free itself from the latter to some extent. When 
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the vitelline membrane is visibly free from the blastoderm, complete 
the cut around the edge of the embryo and, using a teaspoon, transfer 
it to a dish of fresh salt solution. 

As a rule a layer of yolk 2 to 4 mm. in thickness adheres closely to 
the under surface of the blastoderm. To remove it, turn the blasto- 
derm so that its yolk surface is uppermost, and with a i)ii)ette gently 
wash away the yolk. This operation is time-consuming and requires 
the utmost in patience and attention. While the so-called nucleus of 
Pander beneath the area pellucida is easily removed, the remaining 
yolk adheres tenaciously to the area opaca. Therefore, the stream of 
salt solution must be directed always toward the peripluTy, for if it 
strikes the center forcibly, the blastoderm will surely tear. When 
nearly all of the yolk has been washed away, turn the blastoderm with 
its ectodermal surface uppermost, take hold of its edge with fine for(*(‘ps 
and draw it onto a clean slide under salt solution. Using the slide as 
a lifter, remove the embryo from the solution. The* (^mbryo, now with 
its endodermal surface next to the slide, flattens out slightly, but not 
(excessively, as it is r(emov(‘d. With a }>ip(‘tt(‘ take' up tin' exc(ess of 
salt sfjlution from the slide, but do not attempt to wipe the slidi* dry 
with filter ])aper. Bring the (uid of a pip(‘tt(‘ fill(‘d with Bouin’s ])icro- 
acetic-formol very ncMir the c(‘nt(r of the bla^tod(erm and carefully flood 
th(e c('nt(*r with fixative in such a way that th(‘ fixative* spre'ads from 
the cfenter to the periphery. Under thev'^e conditions the* blastoderm, 
particularly in its p(‘ripheral re^gion \\h(r(‘ there* is still some* yolk, 
adhere's clos(*ly to the slide. After a minute transfer the* e*ntire* slide* 
to a dish of Bonin’s fluid anel fix for 2 hours (longe*r doees ne) harm). 

If the ('xc(\ss e)f salt solution is re*m()V(*d with filter j)aper up to the* 
edge of the blastoderm, the fixative*, in flowing from the* c(*nt(*r to the* 
p(*riphery, also flows under the (*dge* of the* Idastoderm and thus floats 
it off the slide. 

After fixation, transfer the slide* with attaclu'd (*mbryo to 50^() 
alcohol for 2 hours ((\)])lin jar), th(*n to 80% ale'ohol (change*d daily) 
for s(*veral days to wash out the* picric acid, and finally to 95^^ alcohol 
for 2 days tp complete the haide*ning and to ke'cp the (*mbrye) from (*url- 
ing when it is later taken off the slide*. 

To r(*move* from the* slide, transfer to 80% alcohol fejr one hour, then 
to 50% for an hour, and with a safety-razor blade cut the embryo away 
(rom the slide under 50% alcohol. In this operation the* edge* of the 
blade must be kept pressed closely to the slide to avoid injury to the 
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oOilodMMo. Tlanrfar detooM mbrytt to 80% ileoiiot for m 
kM«riiM)(iiMeive^ VheranovAlofiheomhqroinfl^ 

iMbitd totbor tboa in 9Sl% lodoeos poorihiiity jojuir, liaee 
onbiTOO stick ieas tightly to the dide and are leae brittle In 50% riedwl. 

Mom t^ban five doieo embiyoB have becoi prepared by tiie loiegoins 
melhod wid sectioned in the last three years in this laboratcHry iri^ 
BO i^imdiidde injury to the endoderm. 

Incubation ogee ii hour* to 4 days. Embryos of these ages am pinned 
otit trith No. 0 or No. 1 stainless sted insect pins on blade, trnghted 
parafibi blocks which are prepared as follows: Have ready some pieces 
of dteet lead about 3 cm. square and 2 mm. thick. Srir about 5 oc. 
ctf lamp-black into about 200 cc. of melted paraflin wax (m.p., 50”C.). 
Smear the inside of a clean Syracuse watch glass with a film ot pure 
idycetine Fill the watch glass to a depth of about 3 mm. widi the 
paraffin mixture, put the piece d lead into the watch glass, fill com- 
idetely with para^ and, as soon as the surface hardens slightly, cool 
in running water as in watch-^ass imbedding Upon coding, the dock 
contracts away from the watch glass and is easOy removed. Such 
docks present a sli^tly concave upper surface and are heavy enoi^ 
to sink in water 

Open the egg in tW usual way and transfer the yolk mass to a didi 

01 salt solution. Cut around the blastoderm 2 to 5 mm. beyond the 
area vasculosa, depending on the age of the embryo, and free the blasto- 
derm from the yolk. The vitelline membnme and the yolk are rmdily 
detached from the embryo after the 20th hour. Fill a seomid dish 
with warm salt solution and immerse a paraffin block in it. With a 
spoon transfer the embryo to the second dirii and pin it out under salt 
solution on the block In pinning, allow for some shrinkage during 
fixation and washing in alcohol. A Camel's hair brush is usdul in un- 
rolling the edges of the blastoderm during pinning. Carefully remove 
the block from the salt solution, take up the excess with a pipette, 
and flood the embryo with Bouin’s fluid. Then '’immerse the dock 
eomifletely in the fixative for 4 hours or longer. 

After fiimtiem transfer the block to 50% alcohol for 2 hours and then 
to 80%, changed daily, for several days, finally, harden in 95% for 

2 days, remove the embryo from the block and preserve it in 90% 
ideohol. Udew the embryo is hardened in 96% dodud bdmn re- 
moval from tire dock, it will curl latm tqron preservation in 90% 
abwlwl. 
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Piimitive streaks may also be fixed by this method, but tbdr small 
sise increases the technical difficulties, in that even tiie fine points of 
No. 0 insect pins may injure the embryos by distorting the cell layers. 

After a thorou^ washing in running water, the blocks and pins are 
ready for use again. The very fine points of stainless steel insect pins 
and their capacity to resist chemical action make than ideal for pin- 
ning out chick embryos, though some ts^pes of piius have brass heads 
which should be parafiSned before use. 

A convenient lifter for transferring the blocks from one solution to 
another may be made from a teaspoon. Flatten the bowl of the spoon 
by harmnering and bend it so that it forms an angle of about 120° with 
the handle. Coat the spoon with paraffin to protect it from the fixing 
and washing fluids. 

Defartmunt or Zoologt, 

Univerbitt op North Carouna, 

Chapei. Hill, North Carolina. 



OBSERVATIONS ON THE DEVELOPMENT AND CYTOLOGY 
OF THE SEXUAL ORGANS OF THRAUSTOTHECA 
CLAVATA (DE BARY) HUMPH. 

By Lelanb Shakor 
Plates 12 and 13 

INTRODUCnON 

Thrauaioiheca davata (de Bary) Humphrey, though widely distrib- 
uted, is one of the rarer members of the Saprolegniaceae. It was first 
discovered by de Bary in a collection of algal material from Venden- 
heim, near Strassburg, Germany, in December, 1880, and named by 
him Dictyxjxhus clamtus. Btisgen (4) in 1882, incidentally published 
the first description of this fungus as Dictyuchiis clavatus de Bary sp. 
nov. when he was making a study of sporangium formation in various 
species of the Phycomycetcs. De Bary (2) refers to it again as Dicir 
ychus clavatus in his text book where he mentions this fungus as an 
example of endogenous spore formation. In a paper by de Bary (3) 
which was published in 1888, after his death, and edited by Solms- 
Laubach, the latter suggested the possibility of this fungus not belong- 
ing in the genus Dictyuchus. Fischer (19) in 1892, in his work on the 
Saprolegniaceae, also felt that the strikingly different characteristics 
of this fungus should place it in a genus separate from DictyuchuSf but 
he did not remove it from this genus. In 1892, Humphrey (27) thought 
it sufficiently different from other members of the genus Dictyuchus 
to be separated, so he placed it in his new monotypic genus, Thxavsto- 
theca^ even though he had never had the fungus to study. Von Minden 
(30) reports it again from Germany in 1912. 

In America, collections of Thraustotheca davata have been recorded 
several times, most often by Dr. Coker and his students. It was first 
reported in this country by Coker and Hyman (10) from Chapel Hill, 
North Carolina, in 1912. Weston (42) found it near G^t Barring- 
ton, Massachusetts, in 1913, and reported it in his paper which ap- 
peared in 1918. Harvey (24, 25) reports collections from the soil in 
Chapel Hill in 1925, and from soil collections from Wisconsin, New York, 
and Kentucky in 1930. Coker and Braxton (9) report toding it in 
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Chapel Hill, March 1926, and in Haywood County, North Carolina, 
in July and August of the same year. Couch (14) reports collections 
erf Thrawtatheca clavata from Cold Springs Harbor, L. I., New York, 
and from Abbey Green, Jamaica, B. W. I., in 1926. 

The material from which this study was made was obtained by the 
author in a water collection from a spring in the College WocmIs at 
Maryville, Tennessee, November 27, 1935. Shortly after this collec- 
tion was made, Thrauaioiheca clavata was isolated from other material 
in this collection and identified in the Botanical Laboratory of the 
University of North Carolina. 

The question of fertilization in the Saprolegniaceae had been much 
disputed for a long time. Among the early investigators, Pringsheim 
(33, 34) argued for the necessity of fertilization in this group and felt 
that it took place at least in some species, even though he did not actu- 
ally observe it to occur. Cornu (13) believed that fertilizaton occurred 
in Achlya polyandra Hildb. and in Achlya racemosa Hildb. and thought 
than fertilization in other species was extremely probable. De Bary 
(2) at first thought that it might occur, but later concluded that the 
antheridia, although present in some members of the family, were now 
functionless. Humphrey (27) and Hartog (21, 22, 23), both working 
with stained material, believed as de Bary did about the matter, but 
described a pairing and fusing of the nuclei in the oogonia of some 
species. Davis (17, 18) likewise believed that fertilization was not 
found in this family. 

Trow (37, 38, 40, 41) was the first of the early cytological investiga- 
tors of this group to believe and to demonstrate that fertilization took 
place in the Saprolegniaceae. He described nuclear division in the 
antheridia and oogonia and claimed that the supernumerary nuclei 
degenerate rather than fuse in pairs as had been described by Hartog 
and Humphrey. His observations of degenerating nuclei in the oogonia 
here were strongly questioned. In order that he might be more certain 
that he had observed degenerating nuclei, he made a study (39) of 
Pythium vUimum, a member of a family where the degeneration of 
nuclei wasiknown to occur. He then made further studies on two spe- 
cies of Achlya, and as a result of these observations, showed clearly that 
nuclei degenerate in the oogonia. He asserted then that he was more 
certain than ever that fertilization occurred, not only in Saprolegnia 
dioica de Bary, Saprolegnia mixta de Bary, and Achlya americana 
Humph.| as he had l^lieved before, but also in Achlya polyandra Hildb. 
and Achlya de Baryana Humph. He held to this view in spite of the 
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severe criticism and opposition of several of the investigators of that 
time, especially of Hartog. Trow (40) also clmmed that there was 
evidmce of a second mitosis in the oogonium, which he thought was 
probably reductive. This second mitosis has not been observed since 
and later investigators believe that the reduction takes place in the 
germination of the egg. 

Since this early controversy, however, fertilization has been definitely 
demonstrated in several species in this family. It has been shown to 
occur in Saprolegnia monoica (Prings.) de Bary, by Claussen (6); in 
Aphanomyces laevis de Bary, by Kasanowsky (28) ; in Achlya polyandra 
de Bary, by Mficke (31); in Achlya racemosa HUdb., by Carlson (5); in 
Achlya colorata Prings., by Patterson (32); in Achlya hypogyna Coker 
and in Bretrilegnia diclina Harvey, by Cooper (11, 12); in Leptolegnia 
caudata de Bary, by Couch (16); and in Saprolegnia mixta de Bary, 
by Mackel (29). The evidence also indicates that fertilization takes 
place in oogonia of Saprolegnia ferax (Gruith.) Thuret that are contacted 
by antheridia (Hohnk, 26), and although not actually observed, Raper 
(35) presents considerable evidence of its occurrence in Achlya bisextialis 
Coker. 

In Thramtotheca clavata it has been thought that fertilization takes 
place, but the cytology of this form has not been worked out. Coker 
(7) in his monograph of the Saprolegniaceae, in summarizing the work 
done on this plant, says that fertilization has never been observed, but 
that the antheridia become empty during the ripening of the eggs, 
Weston (42) says regarding his observations: ‘Tt is worthy of note that 
the fertilizing tubes were never seen to penetrate the oospheres, nor 
was any sudden passage of material down the tubes observed.” He also 
states that, without exception, the oogonial contents never separate 
into oospheres until the attachment of the antheridia to the oogonium 
had taken place. 

The purpose of this study is: (1) to follow the development of the 
sexual organs in living material, and (2) to make % cytolog^cal study 
of the development of the antheridia and oogonia in fixed material* 

HATERIALS AND METHOBS 

Pure cultures were obtained from the original collection by planting 
a single sporangium that had been thoroughly washed in sterilized dis- 
tilled water on a plate at maltose-peptone agar. The cultures were 
then transferred from the agar to hemp seed in water. This was done 
by cutting out small pieces of the agar bearing the fungus and placing 
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on each of them in a Petri dish a half of a sterilised hemp seed. Hemp 
seed in water proved the most satisfactory media for carrying on stock 
cultures of Thrausiotheca. The water used in these cultures was dia^ 
tilled water to which had been added a small quantity of animal char* 
coal. It was then filtered and sterilised in the autoclave at twenty 
pounds pressure before being used. The stock cultures were kept 
growing in Petri dishes in water on hemp seed from November 1936, 
until January 1937, when this study was begun. Fresh hemp seed 
were added whenever necessary. 

When the present study was begun, it was necessary to have cultures 
as free from bacteria as possible. The method described by Raper (36) 
was found to give excellent results, if' the blocks of agar were taken out 
shortly after the hyphae had appeared outside the glass ring. If the 
transfer was delayed until much later, the cultures on agar were gener- 
ally found to be contaminated with bacteria. 

On hemp seed, young cultures of Thrauatotheca davata produced a 
very vigorous growth with numerous sporangia. Later oogonia and 
antheridia were produced, but these were quite frequently so hidden 
by the hyphae and sporangia that their development was difficult to 
observe. To get cultures that produced numerous oogonia and an- 
theridia without such a vigorous growth of hyphae and sporangia, flies 
and termites that had been preserved in eighty percent alcohol were 
used. Of these two, the termites were found to be the more satisfac- 
tory because they produced a less vigorous growth and at the same 
time, numerous oogonia and antheridia. 

For cjrtological studies, cultures growing on termites were killed 
and fixed when they had reached the desired stage in development, as 
was determined by a microscopic examination. Each culture, together 
with the termite, was lifted carefully and dropped into the fixing solu*- 
tion. As killing and fixing agents hot corrosive sublimate, formalin- 
acetic-alcohol, a chromo-acetic acid solution, Fleming’s weak solution, 
Raper’s (35) chromic acid-formalin solution, Merkel’s fluid, Camoy’s 
fluid, and the Chicago formula as described by Chamberlain, were 
tried. Fixation was usually for from twenty-four to thirty-six hours. 
Raper’s chromic acid-formalin solution was found to give better results 
than the others when followed by the Gram’s stain as described by 
Couch (16), and was used almost entirely throughout this study. 

After fixation, material was washed for twenty-four hours in running 
tap water, dehydrated in the usual manner, and imbedded in 58-*66 
degree paraffin. Sections were cut 5, 6, and 7^ m thick with a Bpenxiet 
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rotary microtome. Sections were then stained on the slide with either 
Heidenhain’s iron-aliun haematoxylin or Gram’s stam. Gram’s counter-* 
stained with orange G was also tried, but was not so satisfactory as 
the Gram’s without the counter stain. The hematoxylin was not satis- 
factory because small granules in the cytoplasm held the stain so 
greedily that they rendered the details of nuclear structures indistinct. 
Material &x.ed in solutions containing osmic acid was also unsatisfac- 
tory because certain granules again would interfere in the same way. 
Trow (40) had the same diflSculty with these granules, when using a 
haematoxylin stain, when working on Achlya de Baryana and referred 
to them as microsomata. 

In the latter part of this study when particular attention was at- 
tracted to the astral rays, the time schedule from the iodine to mounting 
in balsam as given by Couch (15) was found to be too long because the 
alcohols and clove oil would remove too much of the gentian violet 
from the cytoplasm. Therefore, after the iodine treatment and the 
wash which follows it, as much of the water as could be removed 
with filter paper was drawn off and the slides then passed as quickly 
as possible through two changes of absdute alcohol, clove oil, cedar 
oil, and then into xylol. The clove oil and cedar oil were sometimes 
omitted, this treatment as a rule giving results equally as good as the 
other. 

The gentian violet used in the Gram’s technique was Gentian Violet 
(CrystaJ Violet) manufactured by The National Analine and Chemical 
Co., Inc., New York, 

OEVBLOPMBNT OF THE SEXUAL ORGANS IN LIVING MATERIAL 

The development of the sexual organs of Thraiistotheca damta in 
living materia has been described and figured in considerable detail by 
Coker and Hyman (10) and by Weston (42). My observations agree 
essentially with those of these observers and no additional figures seem 
necessary. 

Young oogonial branches were found numerous in cultures grown on 
termites that were three or four da3rs old. Antheridial branches were 
also numerous and these twined about among the hyphae and were often 
noticed to branch. 

On my termite cultures, a number of oogonia were found that had 
formed oospheres without the attachment wtheridia. Both lateral 
and intercalary oogonia whose eggs were developing parthenogenetioaliy 
were observed quite commonly toward the periphery of these cultures, 
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but BO mature eggs wm ever found that had devdoped in this manner. 
Weston (42) was of the opinion that ooapheree were never formed until 
after the attachment of antheridia had taken place. In oogonia in bis 
cultures that were not contacted by antheridiai oospheres were not 
formed even when he followed the method successfully used by Trow 
(38). Coker and H 3 rman (10) say nothing of this peculiarity, but their 
figure 8 shows an oogonium in which the oospheres have formed without 
the attachment of antheridia to the oogonium. 

The development of the sexual organs was followed through at 
several different times. Cultures grown on termites were used for most 
of these observations because of the greater ease with which the develop- 
ing oogonia could be followed without the interference of a dense growth 
of hyphae. The period of development from the formation of the 
oogonial initials until the eggs were mature took about four da 3 rs. 

Young stages in the oogonial development are found most numerous 
from early morning until about noon. Very early the lateral branches 
which will bear oogonia can be distinguished because they are becom- 
ing more densely filled with protoplasm. Soon the tip begins to swell 
and to become rounded to form the young oogonium. The protoplasm 
in the oogonium at this stage is densely packed and appears to be more 
or less homogenous; the small oil globules are hardly distinguishable. 

Soon a central vacuole makes its appearance and a cross wall is laid 
down which separates the oogonium from its stalk. Usually by this 
time one or more antheridia have become attached to it. The oil 
globules in the oogonium can be faintly seen by the time the vacuole 
is fully formed. The vacuole soon begins to send out projections which 
pierce the protoplasm, separating it into several cone-shaped masses, 
the number depending upon how many eggs are to be formed. When 
this cleavage has been completed, these cone-shaped masses of proto- 
plasm round up to form the oospheres. These young oospheres contain 
many small oil globules which are now readily observed. Coker and 
Hyman (10) found these globules arranged more to one side of the 
oosphere at this stage in development, but in my observations they 
seemed te be scattered indiscriminately all through the oosphere. 

Each oosphere now has a thin membrane formed around it, and it 
is at this time that fertilization takes place. Fertilization is described 
under the discussion of the antheridium. After fertilization has taken 
place, the oil globules now begin to fuse to form a single eccentric, large 
globule. The wall of the egg becomes much thicker by a deposit of 
cellulose. In this condition the eggs are mature. 
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BecAtuie <d thdr twining and branching habit, many antheridial 
branches are able to reach oogonia. Soon after the attachment 
a branch to an oogonium takes place, protoplasm containing many oil 
globules flows into the tip of the branch. After a short time many of 
these oil globules seem to flow back into the basal part of the branch 
or into the h 3 rphae from which it arose, leaving only a few in the tip 
of the branch. A cross wall soon forms across the tip of a branch 
that has become attached, thus forming an antheridium. The oil 
globules in the antheridium tend to fuse to a certain extent and sev- 
eral denser gre 3 rish appearing places are evident at this time. These 
are thought to be nuclei because of their size and greyish appearance. 
No further change was observed in an antheridium from this time 
until after the oospheres had rounded up in an oogonium. 

After the oospheres have been formed in an oogonium, short fertiliza- 
tion tubes are sent into the oogonium by the antheridia. These often 
grow past the edge of the egg and are then lost from observation. 
Protoplasm from the antheridium flows into these tubes. Fertiliza- 
tion takes place very soon after the eggs have assumed their definite 
form. The actual passage of material from the tubes into an oosphere 
was not observed. One oosphere was observed about the time fertiliza- 
tion would take place in which what appeared to be the path of a male 
nucleus from the end of a tube to near the center of an oosphere was 
seen. A search for other such stages proved unsuccessful. 

A slow disintegration of the protoplasm which remains in an antheri- 
dium or the fertilization tubes seems to take place, for particles of pro- 
toplasmic matter and oil globules could be observed for some time. 
There did not appear to be any empt 3 dng of the protoplasm from the 
antheridium into the oospheres during fertilization. This disintegra- 
tion process progresses until by the time the eggs are ripe, the antheridia 
appear to be entirely empty. 

OBBEBVATIONS ON FIXED MATEHIAL 

Besting vegetative nuclei in the hyphae are found to vary consider- 
ably in shape. This same observ^ation has been reported by Smith (36) 
in Saprdegnia dioica and described there in detail in relation to direct 
division of nuclei in vegetative hyphae. 

SfundleHihaped nuclei are found in the flowing protoplasm in the 
hyphae. In positions where the streaming would not take place so 
rapidly, the nuclei become more spherical in shape. Spherical nuclei 
are found in young sporangia and in early stages in the develoiunent 
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oi sBxaai organs. As the nueld are carried into the young oogonia 
by the streaming of the protoplasm, they riiow the ohluneteristic 
spindle^haped appearance, but upcm mtming the young oogonium 
proper they become spherical in shape (fig. 1). Smith (36) ascribes 
the spindle shape oi nuclei in flowing protoplasm here to a tension or 
strain within tiie semi-liquid cytoplasm. It semns likely that this 
interpretation is correct. In Thraustotheca daoata nuclei assuming this 
elongated form are not found except in parts of the hyphae where the 
protoplasm was most likely streaming at the time when the material 
was killed and fixed. 

A large number of nuclei are carried into young oogonia by the 
streaming of the protoplasm. Both young antheridia and oogonia are 
multinucleate, but the number of nuclei in antheridia is relatively 
small; probably seld(Hn more than eight or ten. As the nuclei arrive 
in the tip of an oogonia! branch they become spherical as has already 
been stated. The number of nuclei which are thus carried into a young 
oogonium before the cross wall is laid down varies ccmsiderably with 
the sise of the oogonium. The number probably ranges somewhere 
between thirty-five and nearly one hundred. 

The vacuole begins to appear in young oogonia before the cross wall 
separates an oogonium from its stalk. The vacuole gradually becomes 
more spherical, enlarges somewhat, and takes up a central position in 
the oogonium. Antheridia have usually become attached to oogonia 
by the time this stage is reached. 

Nuclei at this stage of oogonia! and antheridia! development are 
very much the same in size and in structure. Each nucleus at this 
time shows a distinct, large, deeply staining nucleolus (fig. la). About 
this nucleolus there is a nuclesu* plasm which is limited by a nuclear 
membrane. From the nucleolus to the membrane there radiate a few 
linin threads which are attached to the membrane and make up the 
nuclear network. Several darkly staining granules of chromatin ma- 
terial can be seen on the nuclear membrane and on the linin threads. 
Chromatin material on the nuclear membrane has been observed by 
several others who have worked on the cytology of the water molds. 
Besides the chromatin on the nuclear membrane, there can usually be 
identified at this stage a larger, darkly staining body, the centrosome. 
These structures show well in material stained with the Gram’s tech- 
nique. Claussen (6) and Mflcke (31) have noted a centrosome on the 
membrane of resting nuclei at this stage. Hdhnk (26) denies the pres- 
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ence of s definite oontrosome at any time in the development of Sajmh 
legnia ferax* 

Begarding the structure here r^erred to as a nucleolus there seems 
to be some difference in the interpretation of its function. Hartog (21) 
regarded it as a chromatin body. Trow (37, 40) thought that it was 
a combination of a nucleolus and a chromosome. Davis (17), Claussen 
(6), Mttcke (31), and Carlson (^) regarded it as a nucleolus. Patterson 
(32) agreed with Trow on the latter^s interpretation of this body. 

At about the stage in the development when the cross wall which 
cuts off the oogonium from the stalk is formed, a number of these oog- 
onial nuclei were found in various stages of degeneration. Degenera* 
tion of these nuclei seemed rather rapid, for by the time the spindle 
is formed in the mitosis of those nuclei which remain, they can be de- 
tected only as deeply staining granules scattered in the c3rtoplasm 
(fig. 4). A short time later they cannot be detected at all (fig. 9). 

The nuclei which remain in the oogonium enlarge considerably be- 
fore the fnitotic division takes place. In early prophase, the chromatin 
material on the nuclear network and on the nuclear membrane be- 
comes quite thickened (fig. 2). The centrosome is often quite conspicu- 
ous at this time. In later propbase stages, the threads themselves also 
seem to become thickened to give the threads a more or less uniform 
appearance. Carlson's (5) figure 13 of Achlya racemosa shows essen- 
tially the same structure as nuclei of Thraustotheca davata in this same 
stage. Later in the prophase the chromatin material seems to draw 
away from the nuclear membrane and to become clustered in the form 
of curious rod-like bodies in the equatorial region of the nucleus (fig. 3). 
The nucleolus loses its identity during the prophase and is thought 
to contribute to the chromatin of the spireme. This also seemed to be 
the fate of the nucleolus in nuclei of LepMegnia caudata as observed by 
Couch (15). Carlson (5) believed that the nucleolus in nuclei of Achlya 
racemosa decreased in size and finally disappeared all together. She 
does not explain how this takes place or explain its fate other than to 
say that it disappears. I have been unable to find stages showing the 
formation oi the spindle and the passage of the nuclei from the prophase 
to the metaphase. 

Nuclei in the metaphase show a definite clearly defined spindle with 
the chromatin aggregated in the equatorial region (figs. 4 A 6). The 
1(MQ^ axis of the spindle is almost always nearly parallel to the original 
wall in exact median sections of oogonia. In well stained sections there 
appear to be three distinct fibers. A fourth one shows faintly in some 
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preparations and it seems that this one was probahly jtist obsenred by 
one of the others where three fibers were seen. There is a distinct 
centrosome at each pole of the spindle, from which radiate astral r&ys 
(figs. 4 A 6). The astral rays do not stain here as clearly as they do 
in later stages, but nevertheless, they are readily discernible. Astral 
rays associated with metaphase nuclei have been observed in both an- 
theridia and oogonia (figs. 4-6). Clausen (6) has observed them in 
the antheridia of Saprolegnia monoica and it is a well known fact that 
they occur in the oogonia of several species of the water molds. The 
origin of the two centrosomes found here from the one foimd in earlier 
stages has not been determined. 

Some of the nuclei at the metaphase show the spindle to be situated 
within what appears to be a nuclear membrane; others show no such 
structiire present. Because some of the nuclei begin to degenerate at this 
stage rather than later after the division is complete, it is thought that 
those in which no structure resembling a membrane appears are in early 
stages of degeneration. Mitosis in the antheridium does not often occur 
simultaneously with that in the oogonium, but rather takes place after 
mitosis in the oogonium has progressed somewhat or is almost com- 
pleted (figs. 4 & 9). This has been the rule in all sections showing mito- 
sis in the antheridia which I have observed. There seems to be only 
one mitosis in either the oogonia or antheridia of Thraustotheca clavata. 

The chromosomes stain quite darkly with the gentian violet. They 
are very small and are variable in shape. Some appear to be slightly 
rod-shaped, others more spherical, and still others somewhat irregular 
in appearance. They tend to cluster together so closely that their 
number could not be determined with certainty. There are definitely 
more than three as described for Achlya colorata by Patterson (32) or 
from four to six as noted in Achlya racemosa by Carlson (6). Claussen 
(6) foimd from ten to fourteen in Saprolegnia monoica and M^kel (29) 
reports from his studies on several species that the chromosome count 
was constantly eleven. In Thraustotheca clavata the chromosome num- 
ber seems to correspond more nearly with the number observed by 
Claussen and Milckel. The extremely small size of the nuclei and of 
the chromosomes in any of the water molds makes the problem of deter- 
mining their number with any degree of certainty an extremely diflS- 
cult one. 

As the chromosomes split and start migration toward the poles, the 
membrane-like structure disappears (fig. 7). The chromosomes are 
drawn toward the centrosomes (fi^. 8), but the daughter nuclei in the 
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oogomum do not form resting nuclei at this time. The ehiomatin ' 
material remains in a darkly staining mass a very short distance from 
the oentrosome and is connected with it by a faintly staining beak proc* 
ess (iSgs. 9, 10, 11). Degeneration of all of the daughter nuclei except 
those which are to remain to function as female gamete nuclei in the 
oogonium now takes place (fig. 9). Degenerating nuclei in various 
stages of disintegration can be detected for a short time. These degener- 
ating nuclei appear very similar to those described by Claussen (6) at 
this stage in Saprolegnia monoica. Degeneration of nuclei here is again 
very rapid, for even late stages were not observed in the egg origins. 

Shortly after this mitotic division, the cleavage furrows from the 
central vacuole begin to push outward. As this occurs, female gamete 
nuclei whose centrosome and astral rays are not directed outward from 
the center of the oogonium seem to rotate so that their centrosomes 
and rays are directed toward the oogonial wall (figs. 9, 10, 11). This 
outward direction of the centrosome and astral rays at this time seems 
to be universal in this family for the figures of other observers bear this 
out. In my observations there was no departure from this rule. Couch 
(16) has also observed this to be the case in Achlya orion, Achlya apicu- 
lataf Achlya caroliniana^ and in Saprolegnia delica. Claussen’s figure 
18 shows a very faint centrosome with the rays directed inward, but 
his other figures would lead one to belie^'e that this is not typical. The 
astral rays at this stage become much longer and branched so that they 
are in intimate contact with the C3rtoplasm within a considerable radius 
of the centrosome and the oosphere nucleus. They can be traced even 
out into the bridges of cytoplasm which extend between the oosphere 
origins (fig. 12). The number of egg origins found in an oogonium 
varies. Oogonia containing a single large uninucleate egg have been 
observed as well as oogonia containing as many as ten eggs. The aver- 
age number seems to range from four to six. 

As the cleavage furrows push outward toward the oogonial wall, the 
egg origins become more and more cone-shaped (fig. 11). The astral 
rays at this stage, and especially during the rounding up of the 
oospheres, can be traced to the very margin of the oosphere cytoplasm 
(figs. 11, 13, 14). Some of these rays were seen to branch just as they 
were about to reach the margin. Claussen (6) was able to trace these 
rays to the margins of the oospheres in Saprolegnia monoica^ but his 
figures do not show this clearly. At any rate, they must not have been 
nearly as distinct as those found in Thrauatoikeoa cUwata. AJfter the 
oospheres have rounded up, a thin membrane is formed around each of 
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them and the astral r^yB become much shorter but remain distinet 
(fig. 16). 

At about the time that the membrane is formed around the oospheres, 
fertilization tubes are sent into the oogonium from the antheridia (fig. 
13) . These tubes sometimes grow directly toward the nearest oosphere 
and at other times are observed to become quite long and to wind about 
in the oogonium before making contact with an oosphere. The former 
condition wasiJie more frequently encountered. Protoplasm from the 
antheridium flows into these tubes as they elongate. The antheridial 
nuclei stain rather darkly at this stage and the chromatin seems to be 
massed together. The astral rays that were observed during the 
mitosis are not seen at this time. 

As the fertilization tube reaches an oosphere it presses against the 
membrane and the end of the tube enlarges somewhat (fig. 16a). The 
end of the tube finally ruptures the oosphere membrane and a single 
male nucleus is released into the oosphere (fig. 16b). Other male 
nuclei in the tube and those in the antheridia which are not to fimction 
now degenerate. It has been noticed that an oosphere at the time of 
fertilization shows a vacuole-like region near the point of entrance of 
the male nucleus. This might be referred to as a fertilization spot. 
A somewhat similar condition has been shown by Couch (16) at the 
time of entrance of the male nucleus in Leptolegnia caudata, Carlson 
(5) also shows what appears to be a fertilization spot in Achlya racemosa. 
The fertilization tube has been observed to collapse somewhat after the 
male nucleus has been released into the oosphere (fig. 16b). 

The male nucleus proceeds toward the female nucleus which is usu- 
ally located near the center of the oosphere. As it passes along it 
leaves a path through the cytoplasm (fig. 17). Cooper (12) described 
and figured such a ^^penetration path’’ of the male nucleus in Brevilegnia 
didina and Couch (15) shows a very distinct one to be present in LepUy- 
legnia caudata. The male nucleus finally takes up a position not far 
from the female nucleus near the center of the egg and there the centro- 
some with the astral rays again are seen associated with it. The female 
nucleus also shows astral rays to be still present (fig. 17). Soon after 
this the male and female nuclei become transformed into nuclei which 
resemble in structure resting nuclei (fig. 18). These nuclei now ap- 
proach each other and lie in contact for some time (fig. 19). The 
membrane between the two finally disappears and fusion between the 
nuclei takes place (fig. 20). The zygote nucleus is slightly larger than 
either of the gamete nuclei and stains more darkly. It usually lies 
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AMT the center of the egg at this time (fig. 21). 1 have been unable 
to stain satisfactorily mature or germinating eggs, because structures 
in the position of the oil globules in living material are, at these stages, 
so large and stiun so darkly that other structures are obscured. 

AN OBSBBVATION ON YOUNG ZOOSPORES 

A short time before the study on the development of the sexual 
organs was completed, a study of sections of the zoosporangia which 
had been sectioned was made. Astral rays associated with a centro- 
some in zoospores was observed in sections of material fixed in the 
chromic acid-formalin solution and stained by the Gram’s technique. 
A large number of sporangia were then examined which revealed the 
presence of this centrosome and astral rays in the zoospores. Unfortu- 
nately, when material is fixed for the study of the development of the 
sexual organs, only late stages in zoospore formation in the sporangia 
are obtained. The reason for this is because the antheridia and oogonia 
are not usually produced in abundance until after most of the stages in 
the early formation of the zoospores are passed. The complete cytology 
of spore formation in Thrausiotheca clavata has not been worked out, 
but a single figure (fig. 22) of a sporangiiun after the spores have been 
delimited is here included to show the structure of the spore nuclei 
and the appearance of the centrosome and astral rays. 

DISCUSSION 

The cleavage of the oospheres in the Saprol^niaoeae is generaUy 
attributed to the cleavage furrows from a central vacuole. Claussen 
(6) regarded them in this respect as the active agents in oosphere de- 
limitation. Davis (17) believed that at least a part of the activity of 
the ^'balling” of the egg origins was due to a ‘‘coenocentrum.” This 
Davis described as the ^^morphc^gical expression of dynamic activities 
in the oogonium, and especially in the egg origins at the time when 
they were differentiated.” Claussen (6) disagrees with Davis on this 
matter for he feels that Davis is wrong in confusing such a structure as 
is found here with the coenocentrum which is foimd in the Peronospo- 
raceae. 

It is a striking fact that in all e^ origins and newly formed oospheres 
of Thrawtotheca davcUa the centrosome constantly occupies a central 
position in each protoplasmic mass. From this central body there 
radiate ramifying asti^ rays which can be traced to almost the 
mft.r gin« ctf the egg origins. Because these rays are so long and come so 
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that the cent^ bodyi or oentroecmiei and the aetral rays <K>i»trihute to 
the cleavage of the eggs. 

This poesibiUty is further brought out when one condders the func- 
tion of the astral mys in the formation of the ascospores in the Asoomy- 
cetes. Haiper (20) and Bagchee (1), among others, have given us 
detailed accounts of the function of the astral rays in spore delimita- 
tion in this group. In the Ascomycetes the oentrosome, at this time 
in particular, is definitely the center of the activity of the nucleus as 
interpreted by Harper. He finds this central body associated with the 
nucleus at all times. The astral rays found in the Ascomycetes not 
only serve as the agents for the delimitation of the ascospores, but also 
later these structures give rise to the plasma membrane of the spores. 
Such a relationship between the astral rays and the oosphere membrane 
has not been observed in Thrauatotheca clavaia. 

When one considers these facts, it would not seem at all impossible 
that the astral ra 3 rs found associated with the female gamete nuclei 
in the oogonium may function in oosphere formation. It is obvious 
that they do not ^*cut out’^ spores as is the case in the Ascomycetes, 
but their function in the cleavage and rounding up of the egg origins 
in this plant seems evident in the light of these observations. 

Since the size of the eggs in Thrauatotheca clavata, except in cases 
where an oogonium contains a single large egg, is relatively constant, 
some internal force in the region of the egg origins must function in the 
apportionment of the oogonial cytoplasm that goes into the formation 
of eadbi of these, besides the part taken by the cleavage furrows. The 
length of the rays and the position of the centrosome before the cyto- 
plasmic bridges between egg origins are broken also would seem to add 
weight to this conclusion. The imp)ortance of the cleavage furrows in 
the delimitation of the oospheres is not denied. However, it is felt 
that these are not the only agents that function in the delimitation and 
rounding up of the oospheres. The centrosome and the astral rays also 
seem to function in this process in Thrauatotheca cUwata, 

« 

SUMMARY 

1. The observations on living material conforms in general with those 
<rf other observers. • 

2. A combination of a chromic acid-formalin killing and fixing agent 
with Gram’s staining techniqtie is found to give very good results for 
demonstrating such c 3 rtoplasiruc structures as the acromatic figures. 
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3. iRve fmeml eyi^oigy ol ThmtmMhsca chmia is essentiailij^ in 
MOc^rd with the observations of others who have worited m the Sap- 
rolegidaceae. 

4* Ferttlisation is shown to take place in ThrauBlatkeca cUivata^ thus 
adding another genus and another species in the Saprolegniaceae in 
which fertilisation has been demonstrated. 

5. In the cleavage of the egg origins, the centrosome and the astral 
rays are found to be directed outward in all oases. The centrosome 
always occupies a nearly central position in the cytoplasmic mass of 
the egg origins and of the young oospheres. The astral rays are shown 
to extend out to the margins of the young oospheres and out into the 
C 3 rtoplasniic bridges between egg origins. 

6. Astral rays associated with a central body are shown to be present 
in young zoospores. The cytology of spore formation has not been 
worked out. 

7. In view of the position of the centrosome and the length of the as- 
tral rays during the formation of the oospheres in Thrausiotheca^ a 
relationship between the function of the acromatic figure here and of 
that in the Ascomycetes is advanced. 
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EXPLANATION OF PLATES 12 AND 13 
FLATS 12 

Fig. 1. Section of a young oogonium showing shape and appearance of nuclei in 
this stage in development. X 1135. (a) Nuclei from a young oogonium 
enlarged. X 2015. 

Fig. 2. Early prophase nuclei. X 2015. 

Fig. 3. Late prophase nuclei showing the clustering of the chromatin into curious 
rod-like bodies. X 2015. 

Fig. 4. Section of an oogonium showing (a) nuclei in metaphase of mitosis, (b) 
nuclei beginning to degenerate at this stage, and (c) granule-like remains 
of nuclei that began degeneration earlier. Nuclei in the antheridia are still 
in the resting stage. X 1135. 

Fig. 5. Section of an antheridium showing mitosis. X 1135. (See also section^f 
antheridium in fig. 9.) 

Fig. 6. Enlarged metaphase nucleus. X 2015. 

Fig. 7. Enlarged anaphase nucleus from an oogonium. X 2015. 
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eotottleni. X 9&15. 

Fig. F. Seetim of nn oogoaiom iltowing the femele gMmte atteW. VhB oilier 
deui^iter xtuelel ere degeneteiiiig. Note mitoiie tildog fdeee in e eeeileii 
ol one enthnidiiim* X 1185. 

Fig. lOt Early stage in the cleavage of the egg origins. One gamete tnadeoi has 
not yet become oriented and no inward bulging ol like eytoplaam 1ms oe« 
eurred. The other nucleus has its centrosome and rays in the typleat pou^ 
tion and the egg origin is forming. X 1186. 

Fig. 11. Later stage in cleavage showing sections through three egg origins* 

X 1185. 


PLATS 13 

Fig. 12. Detail figure of an early stage in the formation of the egg origins showing 
the length and branching of the astral rays at this time. X 2015* 

Fig. 18. Section of a large oogonium showing position of nucleus and aoromatic 
figure during the rounding up of the oospheres. Some of the astral rays 
extend to the margin of the oosphere cytoplasm. X 1185. 

Fig. 14. Bmaner oogonium in same stage as that in fig. 18. Only the centrosome 
and rays show in one oosphere; the chromatin of the nucleus is in the adja- 
cent section. X 1135. 

Fig. 15. Oosphere after the membrane has formed. The astral rays have becoipe 
much shorter. X 1135. 

Fig. 16, Section of an oogomum showing two stages in fertilisation. The fertili- 
aation tube at (a) is pushing against the oosphere membrane and the tip has 
become enlarged. At (b) the male nucleus has just been released and the 
end of the tube has collapsed somewhat. Note a '^fertilisation spot” in the 
last oosphere. X 1185. 

Fig. 17. Section of an oogonium containing a single large egg showing the * 'pene- 
tration path” of the male nucleus. Astral rays are associated with both 
male and female nuclei at this time. X 1135. 

Figs. 18-20. Stages in the development and fusion of the gamete nuclei. Ail 
figures except 20a X 1135, 20a X 2015. 

Fig. 21 . Egg showing the sygote nucleus shortly after fertilisation. X 1135. 

Fig. 22. A longitudinal section of a sporangium showing astral rays and a cantiro- 
some associated with the nuclei in soosixires. X 1135. 







TBS OCCtJRBENCE OF LIPABIB LOESELU AND HABIO^ARU 
HRACTBATA IN NOKTH CAROLINA 


By Lakh Babssdai^ 

PI.ATK 14 

III the Manuai of tiie Soviheaetem Flora (1933), Small reports Liparia 
LoeatUi as extending over an area covering “Ala. to Mo., Bask., Ont., 
and N.B.’’ Though North Carolina falls into the range quoted shove, 
no record of Loesel’s twayblade had been made from this state before 
June, 1936.' For, though the author had known of the North Can^na 
colony prior to the above date (since June, 1931), he had made only 
photographic records of it, and the films constituting these records had 
been accidentally destroyed. Thus, in order to substantiate the re- 
ported existence (A a colony of L. Loeaelii (L.) L. C. Richard at Chim- 
ney Rock, N. C., it was necessary to make a return trip there in 
June, 1936. 

About one half mile from Chimney Rock on Chimney Rock Moun- 
tain, Rutherford Coimty, is Hickory Nut Falls, an exposed right-angled 
wall of granite, the crest of which rises a thousand feet above the fertile 
valley of the Rocky Broad River. Here to the left cA the falls under 
a drip-rock, the colony of Liparia Loeaelii grows in a mound of moss (a 
cmnbination of Sphagnum and Mnium). Other inhabitants of the same 
mound include one or two Vacciniums (acting as a filter for the orchids 
against the mornii^ sunlight), Ftola primulifolia, one or two plants iA 
Habenaria daoelkUa, and several grasses. The twayblade plimts, the 
entire station munbering seven, sit with their pseudobulbs above 
ground, thw strongly keeled leaves almost vertical, and thrir yellow- 
gremii spokes well hidden in the blades of grass. The number <A floweiB 
per spUce ranges from two to fourteen. 

Aside from the colony under the drip-rock, no other specimene of 
L. LoeaeUi have be<m found either on Chimney Rock Mountain or any 
ether of the similar mountains bordering Hickory Nut Gorge, though 
<|Uit^ a search has been made for them. Specimens Of the twayhlades 

*8aiics4bi|e, laae. Sobm Notm oa the Orcfaids cl Ptedmoet and Wwlenk 
KartkCarotiBa. cauipel B3U, N. C. 1986. 
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from the above station have been depoated in the Hexbarium (tf tiie 
Uxdveieity of North Carolina, in the Gray Herbatium of Harvard, and 
in the Herbarium of Duke University. 

So far as is known, Hdbenaria bradeata (\'^Ild.) R. Brown has been 
cdleeted heretofore in only one North Carolina county, and that oidleo^ 
tion was made by W. W. A^e on Big Ydlow Mountain, Mitchell County. 
On May Ifi, 1937, the author found one plant of H. bracteaia growing 
in a clump of Orckit apectabHu near Cove Creek Post Office in Haywood 
County. Only one blossoming plant could be found. Nearby were a few 
seedlings growing in rich open soil, with large plants of Trillium eredum 
var. album and ConmUaria majalis. 

Dmrixnam or Botant, 

Uhivibsitt or Nobth Cabouna, 

Cbapbl Hiui. N. C. 







THE ORCHIDS OF NORTH CAROLINA 

By Donovan S. Cobbuix 
Plate 15 

INTBODUCnOK 

This paper presents the results of a study of the orchid flora of North 
Carolina. The purpose of this study was to determine what species 
occur within the state, their habitats and distribution by counties and 
physiographical regions,'* and the preparation of practical keys for their 
identification. No comprehensive study has been previously published 
of the orchids of North Carolina. However, many of the species found 
in the state have been included in various plant catalogues and maniuds. 
In his unpublished “Flora Salemitana” (1821), which is in the posses- 
don of the Academy of Natural Sciences of Philadelphia, Schweinitz 
(19) listed 27 orchids as occurring in the district which includes Forsyth 
County and parts of several adjacent counties known as the “Salem 
Community.” Curtis (1867) included 41 species of orchids m his 
botanical study of the state (13). In 1886, Hyams (15) listed along 
with other plants 2 species of orchids not included in Curtis’ catalogue. 
The same year, in a list of the plants ol 'Wilmington and vicinity, Wood 
and McCarthy listed 18 species of orchids, including the rare epiphyte 
Epidendrum conopseutn R. Br. (23). Five yeans later (1891) Small 
and Heller (21), botanizing mainly in the western part of the state, 
collected 15 species of orchids. In 1936, Blomquist and Costing (9) 
included 25 species of orchids in their spring and early summer flora of 
the piedmont. 

Only 2 county lists, which include or concern orchids, have thus far 
been published for North Carolina. These are for Henderson and 
Guilford counties. In 1916, Memminger (16) published a list of plants 
growing “spontaneously” in Henderson County, which included 26 
species of orchids. Most of these species have since been collected in 
Henderson County by Margaret C. Campbell and the writer. In 1933, 

* lliis division follows that which is used by the United States Geologleal 
Survey; namely, the Coastal Plain Region, Ute Piedmont Region, and the Moun- 
tidn Rt^on. 
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Barksdale (7) published a paper on the orchids of Guilford County in 
which 17 species were discussed. Since then (1936) Barksdale (8) has 
published some notes on the orchids occurring in the piedmont and 
western North Carolina in which 38 species and 2 varieties were listed. 

Besides the above publications the manuals of Chapman (11) and 
Small (20) include the flora of North Carolina. In the tlurd edition 
(1897) of his manual, Chapman included 47 species in the Orchidaceae 
for North Carolina which have since then been definitely found to grow 
in the state. Small included North Carolina in the range of 51 species 
of orchids in his manual. Some of the species cited in the latter have 
not, however, been collected in the state, according to the specimens 
examined. Prof. Oakes Ames’ revision of the Orchidaceae in Gray’s 
New Manual of Botany, 7th edition (18), includes many of the orchids 
of the state. 

The present study shows that 53 species and 5 varieties of orchids 
occur in North Carolina. Four of the species and 3 of the varieties 
have not been reported before from the state. In addition to the 
species which have been collected within the state, there are 3 others 
(Microatylis apicata Lindl., CoraUorrhiza trifida Chatclain, and Ltatera 
avMralia Lindl.) which might be expected. The species not reported 
before from North Carolina are: Ldatera cordata (L.) R. Br., Eulophia 
ecriatata (Femald) Ames, SpirarUhea longilabria Lindl., and SpiranUiea 
floridanum (Wherry) and the forms X Habenaria Canbyi Ames, X 
Spiranlhea intermedta Ames, and Calopogon puleheUua f. aUnfiorua 
(Britton) Femald. 

During the summer of 1935 a collecting trip, lasting from the middle 
of June until the middle of August, was made throughout North Carb- 
lina. Forty-five counties in the eastern half of the state and 32 counties 
in the western half were visited. In addition to these two extensive 
trips over the state, several others were made through the extreme 
southeastern counties and into counties adjacent to Durham County. 
About 500 collections were made on these trips. In addition to the col- 
lecting of specimens, field notes were taken concerning the different 
species founc^ The notes included such ecological data as were pos- 
sible to be obtained from observation; habitat and plant associationswere 
especially noted. Hydrogen-ion determinations were made with a 
Hellige ^il Tester on the.soil in which many of the species grew, and 
flowers of most of the plants were preserved in 2% formalin for study 
in identification. 
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TAXONOMIC PB0BLBM8 

The most critical diagnostic characters of the Orchidaceae for practi- 
cal purposes are the variations in the column and the size, shape, color, 
and position of the lip. Other characters which are valuable in some 
cases in separating the genera are the spur or nectary, as in Habenaria, 
and the type of inflorescence which is usually a solitary flower, a raceme, 
or a spike. 

The use of vegetative parts of the plant in diagnosing and preparing 
keys for genera and species have been avoided as much as possible. In 
most cases they were found to be inconstant and therefore unreliable. 
Such is the case in SpirantheSf where the terms ‘‘leaves fugacious” and 
“leaves persistent” are much used in literature including the Orchi- 
daceae. The leaves of those specimens of SpirarUhes examined in this 
study, which included several thousand plants, were for the most part 
absent and were only in rare cases dependable as a diagnostic character. 
It seems permissible, however, to use the vegetative characters as 
secondary. Of course, in the case of caulescent and radical leaves, 
which are persistent throughout the season, as exemplified by the genus 
Cypripediunif it is possible to use the leaf character in distinguishing 
the species. For example, Cypripedium acaule Ait. with its two basal 
or radical leaves is strikingly different from Cypripedium parvifiomm 
Salisb. with its leafy stem. 

For several reasons, the genus SpirarUhes may l>e considered to be the 
most diflScult of the orchids found in North Carolina. Although several 
keys have been prepared for this genus (2, 18, 20), none seems to be 
adequate to cope satisfactorily with the difficulties encountered in this 
group. This may be readily understood from the fact that it is possible 
to take all the individual flowers on a spike in any single plant of the 
various species of SpirarUhes and, upon careful examination, find some 
variation in the lip of every flower, although there will be a conforma- 
tion to a certain type of lip which is outstanding in that particular 
spike. In spite of the variation of the lip in each plant or in different 
plants of the same species it seems, however, to be the most reliable 
character upon which to base a practical key. Such characters as the 
leaves, roots, glands, pubescence, bracts, and size of the plant in the 
genus SpirarUhes must be used with discretion. Due to ecological 
variations, plants of the same species found growing in wet marshes 
and low meadows on the coast may be very different in size and appear- 
ance from those found in upland bogs and meadows in the pie^ont 
and mountain region. Such variation must, therefore, be taken into 
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consideration in determining the species. The species SpiraniheBf 
as well as those of H^i^enaria, tend to hybridise freely (1, 4, 6, 14), 
thus causing additional confusion. 

The closely allied species Habenaria paycodes (L.) Spreng. and H* 
fimbricUa (Ait.) R. Br. are in many respects as difficult to separate as 
some species of SpiratUhes. Ames says, ‘The difficulties are increased 
tenfold when it is realized that Habenaria paycodes and H. fimbriata 
are so similar that they are distinguishable only by arbitrary rules. In 
the preparation of the Orchidaceae for Gray's New Manwal a con- 
scientious effort was made to ascertain the distinctive characters of these 
two species. Although every conspicuous character was carefully 
studied it was found that the most reliable distinction was the depth 
of the fringe on the divisions of the labellum; in H. psycodes this being 
one-third the depth of the divisions or less, and in H, fimbriata one- 
third or more" (3). The writer finds that the size, number, and color 
of the flowers and the size of the spike are also helpful in distinguish- 
ing these two species: the flowers of H, fimbriata being larger, fewer, and 
paler than those of ff . paycodes. 

Some difficulty is encountered in the genus Calopogon. Calopogon 
pulchellus (Sw.) R. Br. may be separated from C. parviflorue Lindl. and 
C. pallidue Chapm. by its larger size, but the latter two species are 
often confused becaxise the lip and column characters vary considerably 
in each. The middle lobe of C. pallidus is smaller than that of C. 
parvijiorus but the shape may often be similar. Calopogon parviftorus 
blooms earlier, from April to early June, while C. pallidus blooms from 
late May until the last of July. All of the flowers in a raceme of C. 
parvijiorus usually open about the same time while those of C. paUidus 
open successively from the base upward. The flowering period of the 
latter, therefore, usually extends over several weeks. 
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Mr. C. H. Higgins, Salem College, Winston-Salem, N. C . ; Miss Alma 
Holland, University of North Carolina, Chapel Hill, N. C.; Dr. H. M. 
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PREFACE TO THE KEYS 

The main objective in the preparation of the keys for the genera and 
species was to make them as practical and reliable as possible. There- 
fore, the keys are veiy descriptive and are based solely upon mature 
plants. The lip the flower is the main diagnostic character used. 
Other flower characters have also been used in some cases, and these 
have been supplemented by vegetative characters where such were 
found to be distinctive enough to be of value. 

An effort was made to make the keys as original as possible, but 
where confusion might arise by the introduction of new terminology, 
some of the diagnostic distinctions found in other keys were used. The 
manuals principally used for identification in the counse of this work 
were Small’s Manual of the SouUieaetem Flora (20) and Gray’s Manual 
(18). The nomenclature used is based for the most part upon Prof. 
Oakes Ames’ Enumeration (5), and the phylogenetic arrangement of the 
genera follows that of Pfitser (17). 

For completeness three species {MieroeiyUe epicata, Ligtera auetraUe, 
and Corallmkiea trifida) which may be expect^ in the state but have 



144 JotnCKAL OF THE MiTOSBUi SoOXBTT 

not thus far been found, are included in the keys* The distributional 
data for North Carolina which are cited for each species are baaed 
upon more than 2000 specimens examined. The general distributional 
data are compiled from various recent publications which include or 
concern the Orchidaeeae (5, 10, 11, 18, 20). 

In citing specimens the following abbreviations are used to designate 
the herbaria in which the specimens are deposited: (A) — Oakes Ames 
Herbarium, Harvard University, Cambridge, Mass.; (B) — ^Brooklyn 
Botanic Garden Herbarium, Brookl 3 m, N. Y.; (BU) — ^Brown Univer- 
sity Herbarium, Providence, R. I.; (But.) — ^Butler University Herba- 
rium, Indianapolis, Ind.; (C) — Cornell University Herbarium, Ithaca, 
N. Y.; (Da.) — ^May E Day Herbarium, Oberlin, Ohio; (HMD) — H. 
M. Denslow Herbarium, Hartford, Conn.; (D) — Duke University Her- 
barium, Durham, N. C.; (MBD) — M B. Dunkle Herbarium, Long 
Beach, Calif.; (F) — Field Columbian Museum, Chicago, 111.; (G) — 
Gray Herbarium, Harvard University, Cambridge, Mass.; (GHG) — 
G. H. Grinnell Herbarium, Los Angeles, Calif. ; (L) — ^Albert E. Lownes 
Herbarium, Providence, R. I.; (NC) — ^University of North Carolina 
Herbarium, Chapel Hill, N. C.; (N) — ^New York Botanical Garden 
Herbarium, New York, N. Y. ; (NS) — ^Academy of Natural Sciences 
Herbarium, Philadelphia, Pa.; (P) — ^University of Pennsylvania Her- 
barium, Philadelphia, Pa ; (S)— Salem College Herbarium, Winston- 
Salem, N. C.; (POS) — ^P. O. Schallert Herbarium, Winston-^alem, N. 
C.; (SC) — ^North Carolina State College Herbarium, Raleigh, N. C.; 
(T) — ^University of Tennessee Herbarium, Knoxville, Tenn.; (U) — 
United States National Herbarium, Washington, D. C.; (WV) — 
University of West Virginia Herbarium, Morgantown, W. Va. 

KBT TO THS QBNBBA 

1. Lip an inflated pouch; leaves large, plaited; fertile anthers 2 

1. CyprtpBdium 

1. Lip concave or flat, not an inflated pouch; leaves various; fertile anther 1 

2. Flowers with a distinct and elongated c^ur, at least 2 mm. long 

3. Leaves present at time of flowering 

4. Floweret bicolorous; Up white, tonguenihaped, dilated; sepals and petals 
purple, uniting to form hood; leaves 1-2, basal; scape stout, 4-5 angled; 
flowering in early spring, Apiil-May . 2. OrekU 

4. Flowers conoolorous; lip variously fringed, lobed, notched, or divided; 

flowering later, middle June-August . 8. Hah 0 nana 

3. Leaves absent at time of flowering, when present, green above, purplish 
beneath; flowers greenish, tinged with madder-purple; lip 3-lobed 

13, Ttptdoria 
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2. Flowm witliottt a ooiiapicuotui spur; lip aometimes globose 

5. Epiphytic; Up attached and adnate to the apex of the column^ green, 3-lobed 

14 . Ejndendrum 

3. Terrcitrial 

6. Plants green; leaves l*inany, sometimes absent or inconspicuous at time of 
flowering in 8piranih€§ and Aplectrum 
7« Up crested or bearded on face 

8. Leaves present at time of flowering; flowers white to purplish 
9* Leaves linear to linear-lanceolate, more than 1, grass-like, sheathing the 
scape near the base; column winged at apex; lip above or superior » 

middle lobe prominent, basal lobes much reduced 15. Calopogon 

9. Leaves ovate to ovate-oblong, solitary near or above the middle of the 
stem, alternate along the stem, or in whorl of 6-6 at the top of the 
stem; column not winged, club-shaped; lip below or inferior 

4. Pogonia 

8. Leaves absent at time of flowering; flowers rose-purplish to pale purplish 
green or yellow 

10. Flowers in raceme, pale purplish green or yellow; lip somewhat 
hastately 3-lobed, crested on the face with 3 longitudinal ridges; 
leaf solitary, large, oval, plaited, absent or withered at time of 

flowering 17. Apleeirum 

10. Flower solitary (rarely 2), rose-purple; lip oblong, recurved, dilated, 
middle lobe pendent and eroded or fringed at apex, crested on face 
with 3-5 ranks of yelloir or white fleshy hairs; leaf solitary, linear, 
developing after the flowering season 5. Arthusa 

7. Lip not crested or bearded on face 

11. Flowers essentially sessile, white or greenish white, in a compact spiral 
or cylindrical spike; sepals and petals, except lip, erect and 
connivent 

12. Lip globose-saccate, with short, blunt tip, less than 6 mm. long, 
without basal callosities; raceme 1 -sided or densely flowered; 
leaves ovate to ovate-oblong, in basal rosette, variegated with 
network of white veins; rooting from nodes of creeping rhizome 

8. Ooodyera 

12. Lip not globose, but spreading, crisped and cut, concave, with cal- 
losities at base; flowers in 1-4 ranks, spirally twisted raceme; 
leaves never variegated, basal or extending up the stem, elliptic to 
linear-lanceolate; roots solitary or in a cluster at base of stem 

6 . 8pirafUh69 

11 . Flowers on pedicels at least 2 mm. long, variously colored, often minute, 
arranged in a loose raceme; sepals and petals free 

13. Leaves basal, not cauline 

14. Leaves numerous in basal rosette, spreading upon the ground; 
perianth greenish; lip small, concave, beaked, short-clawed, 

attached above the base to the column 9. PofUhiwa 

14. Leaves not in basal rosette, although arising from the base, sheath- 
ing the stem 

15. Leaves several, narrowly linear-elliptic, 29450 cm. long, plicate, 
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iomewhat ooriaoeotis; lip 8-lobed, as wide «• long, 3 targe 
lobee at baee» rarely absent; plants slender, nmre than 35 

em« tall. IS. Eulopkia 

15. Leaves 1-2, ovate to elliptic-lanceolate, less than 20 om^ long, 
fleidiy or membranous; plants small, less than 30 cm. tall 

16. Lip less than 3.8 mm. long, cordate or aurieled at the base, 
3-lobed at the apex, broadest at the base, green or brown- 
ish green; flowers minute, less than 6 mm. long 

10. Mxcro$tyliB 

16. Lip more than 3.8 mm. long, narrowed at the base, broadest 
and abruptly pointed at the apex, yellowish green or 
mauve ; flowers larger, more than 6 mm. long . . 11 . lAparit 
13. Leaves 2, not basal, cauline, near the middle of the stem, small round- 
ovate; lip euneate or wedge-shaped, 2-lobed at the apex ... 7. Li$tera 
6. Plants not green; stem yellowish brown; leaves reduced to sheathing 
scales; rhizomes coralloid 

17. Lip with 5-6 longitudinal ridges or crests down middle of face, 3- 

lobed; perianth about 2 cm. long 16. Hexalectris 

17. Lip not ridged or crested, at most lamellate, 3-lobed, entire, notched , 
or the mar^n denticulate, white or spotted with magenta-crim- 
son; perianth less than 2 cm. long 12. Corallorrhiza 

1. CYPRIPBDIUM L. LADY 8LIPPEB, MOCCASIN FLOWER 

1. Inflated pouch fissured in front; scape l*flowered; lip usually pink, rose- veined 
on the face, with velvety appearance; leaves 2, basal and sheathing the stem, 

blades plaited 1. C. acaule 

1. Inflated pouch not fissured in front; peduncle 1- or more flowered; stem leafy, 
blades plaited 

2. Lip longer than the sepals and petals, white to pale mauve, striped with white, 

flushed with rose-purple on face; sepals white 2. C. reginae 

2. Lip shorter than the sepals and petals, golden yellow, with glazed appearance; 
petals and sepals greenish, suffused with madder-purple 

8. lip small, 2-3 cm. long 3. C. parviflorum 

8. Lip large, 3.5-5 cm. long 4. C« puheBcenz 

1. Cypripedium acatde Ait. Pink moccasin flower 
(Fissipes acaulia (Ait.) Small) 

Variable in habitat, in wet sphagnum bogs, low flood-plains along 
wooded streams, on rocky wooded slopes, and particularly where ever- 
greens such as pines, hemlocks, and cedars are found, may be expected 
in any habitat where acid conditions prevail. April-July. 

Mountain counties: Ashj^: Leeda 1571 (N6). Buncombe: Biltmore 1211, 1211a 
(C, U), 1211b (N, U, P, B, F); Ratnaep (NC); Pollard (V);8tandleyandBollmm 
10029 (U); Carroll 3849A (D). Burke: AUxander (NC); Btomqviat and Correll 
4702 (D). Henderson: Campbell (liTC); Oarren 229 (D); Correll 3269, 3342 (D). 
Macon: Landere (FOB). Polk: Millepaugh (F); Day (Da.); Correll 3189 (D). 
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TransylvAniii: Hou9m 4190 (U); Oo9ting 36120 (D). Watauga; BlomquUt 5927 
(D); Small and HeUer (P);8eh^Urt iI>);A9he (NC); Heller (N). 

Fiedmont oounties: Burke: Carrell 3059, 3097 (D). Davie: BlomquUt and 
Correll 4067 (D). Durham: BlomquUt (P). Forsyth: Penry (S); Derike (S). 
Granville: Correll 469 (D, HMD), 589 (D). Orange: Simmone (NC). Polk; 
Toumeend (U, C). Wake: CorreM 808 (D). 

Coastal Kain counties: Edgecombe: CorreU 2446 (D). Gates: Correll 
(D). Halifax: Correct 2416 (D). Johnston: MttoAeZ^D); Deans (NC). Martin: 
FUher (NS). Perquimans: Olaeeon (D). 

Newfoundland and Nova Scotia to South Carolina and Alabama, west to 
Minnesota and Winnipeg. 

2. Cypripedium reginae Walt. Queen lady slipper 
(C. spectabilis Salisb. ; C. hirmlum Mill.) 

In swamps and on mossy wooded slopes. May-June. 

Mountain counties: Jackson: Aehe (NC). 

Newfoundland to Georgia, west to Missouri, Wisconsin, and Minnesota. 

3. Cypripedium parviflorum Salisb. Small yellow lady slipper 

On densely wooded banks or in floodplain habitats along streams, in 
neutral to acid soils. April-June. 

Mountain counties: Buncombe: Hogg (N). Burke: Coker (NC). Haywood:* 
BlomquUt 5929 (D); Standley 5650 (U). Henderson: Correll 3248 (D, HMD), 
3264 (D). Macon: Landers (PCS); Biltmore 1208 (U, F, C), 1208b (B, F, U, G); 
—(G);C'(>rreW 3520(D). Mitchell: 190 (U). Polk: Doy (Da). Swain: 

CorreU 3702 (D). Transylvania: Leeds 1141 (NS); House 4149 (U), 4140 (U). 
Watauga: BlomquUt 5928 (D); SchoXlert (S). 

Piedmont counties: Forsyth: Schweinitz (NS). Grange: Holland (NC); 
Deems (NC). Polk: Townsend (U). Randolph: Correll 733, 736, 752 (D). 
Wake: BlomquUt and Correll dOS (D). 

Anticosti, Newfoundland, to Georgia and Mississippi, west through the Rockies 
to Washington and British Columbia. 

4. Cypripedium pubescem Willd. Large yellow lady slipper 
(C. parviflorum var. pubeacene (Willd.) Knight) 

On rich wooded slopes and in lowland thickets, neutral to mildly 
acid soils. April-June. 

Mountain counties: Buncombe: Biltmore 157 (U, C); Pollard (U). Burke: 
BiUmore 157b (U). Henderson: Campbell (NC). Macon: Harhison (U); — (Q). 
Mitchell: Ashe (NC); Small and Heller (F). Transylvania: House 4168 (U). 

Piedmont counties: Durham: BlomquUt 5930 (D). Forsyth: Denke (S). 
Gaston: Correll and BlomquUt 5122 (D). Orange: Smith (NC); Totten (NC). 
Polk; Toumsend (U, C). Wake: Ooeting 3516A (D); BlomquUt and CorreU 802 
(D). 

Quebec and Nova Scotia to Georgia and Alabama, west to New Mexico and 
British Columbia* 
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2 . OBCHIS L. OBCatB 
{Gakordm Rydb.) 

I4 Orchis spedabiUs L. Showy orchis 
{Galeorchis spectabilis (L.) Rydb.) 

Floodplain areas of streams in rich deciduous woods and in hemlock 
groves, neutral to slightly acid soils. May-July. 

Mountain counties: Buncombe: Biltmore 679b (N, F, U| G, B), 679 (C); 
Pollard (U) ; Standley and Bollman 10070 (U) ; Teague (D) ; CorreU 8841 (D. HMD) . 
Haywood: House 5141 (N); Standley 5684 (U); Price 365 (D); Oosting 3^2 (D); 
Blomguiet 3952, 5953 (D). Henderson: Holmes (NO); Campbell (NO); CorreU 
3247 (D). Jackson: Ankerson 1400 (P); Oosting 34^ (D). Mitchell: Ashe 
(NC); Weiherhy 191 (U). Polk: Biltmore 679c (N); Day (Da); Peaitie 1633 (F, 
NC); T vmsend 4 (C); CorreU 3234 (D, A). Transylvania: House 4189 (U). 
Watauga: Heller (N); Small and Heller (C). Yancey: CorreU 3874 (D). 

Piedmont counties: Forsyth: Schweinitz (NS); Lehman (D); Denke (S); Schal- 
lert (S). Granville: CorreU and Blomqmst 5112 (D) Orange: Totten (NC); 
Neely (NC). Wake: Oosting Zbl7 A (D). 

New Brunswick and Ontario to Georgia, west to Nebraska, Missouri, and 
Arkansas. 


3 . HABENARIA WILLD. REIN ORCHIS, FRINGED ORCHIS 

1. Lip deeply 3-parted, at least halfway to base 

2. Divisions of the lip fringed or prominently crenate or eroded; petals not 2- 
parted, entire, crenate or fringed 

3. Lateral lobes of lip capillary-fringed almost to base; middle lobe dilated at 
apex into a short-fringed wedge; petals entire; flowers pale yellowish or 
whitish green .. 1. H, laeera 

3. Lateral lobes of lip fringed halfway to base at most, or eroded; flowers lilac, 
rarely white, to deep purple 

4. Lobes of lip cuneate or flabellate, edges irregularly eroded, middle lobe 
notched at apex; petals slightly eroded^ or entire 2. H, peramoena 

4. Lobes of lip broadly flabellate, copiously fringed; petals finely toothed 

5. Lip more than 1.5 cm. broad, the lobes fringed to about one-third their 
depth; spike more than 4 cm. through, loosely flowered; flowers Ulae 

3. H, flmbriaia 

5. Lip«less than 1.5 cm. broad, the lobes fringed to less than one-third their 
depth; spike less than 3.5 cm. through, densely flowered and compact, 
flowers purple 4. H* psyeodes 

2. Divisions of the lip not fringed, entire; lateral lobes setaceous, much longer 
than the linear midfile lobe; lip 8^ mm. long; petals 2-parted nearly to the 
base; the lower segment setaceous, the upper linear and acute; flowers 
yellowish green in a loose raceme; spur as long as the ovary 

5. H. repms 

1. lip not 3-pe|rted, tongue-shaped, at most fringed, notched, or lobed 
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6. lip ooplouBly ciliate^ring ed 

7. Viofwm wyte; lip murrowly ovAte4anceolate, ^11 mm. long^ eoaraely 

fringed, baaal fringee often branched 6 . ff. hlephariglotHs 

7. Flawerf yellow or orange 

8. lip ovate, about 7 mm. long; spur ahorter than the ovary, 5-^ mm* long 

7. H, crtBUUa 

8. lip oblong, about 1 cm. long; spur longer than the ovary, 1.5-2. 5 cm. long 

8. H. eiltaria 


6. lip not fringed, at most coarsely eroded 

9. lip entire or crenate, not lobed or notched 

10. Lip tongue-shaped, ovate, entire or crenate on the margin, mm. 
long; spur shorter than the ovary, 4-^ mm. long, awl-shaped; flowers 

yellow 9. H. inUgra 

10. lip entire, ligulate or strap-shaped; flowers white or whitish green 

11. lip above, erect, narrowly oblong or lanceolate, 5-7 mm. long; spur 
twice as long as the ovary, ascending, about 1 cm. long; leaves mostly 
basal, linear, reduced on upper part of stem; flowers pure white 

10. H, nivea 

11. lip below, oblong, obtuse, directed downward, 15-20 mm. long; spur 
longer than the lip, curved upward toward the tip, 2.5-4 cm. long; 
leaves orbicular, basal and radical; flowers whitish green 

11, H. orhiculata 


9. lip hastately-lobed or notched at apex 

12. Lip hastately 2-lobed at base, with horn-like tubercle on median line of 
face near base, apex truncate, rarely lobed, middle lobe 4.5-5 mm. 
long; spur slender, shorter than the ovary; flowers yellowish green 

12. H,flava 

12. Lip not hastately lobed at base, 3-lobed or toothed at apex; flowers 
greenish 

13. Lip wedge-oblong, 3-5 mm. long, shallowly notched at apex into 3 
short equal lobes; spur slender, clavate or 2-lobed, longer than the 
ovary; leaves 1-2, near middle of stem, oblong or spatulate 

13. H, clavellaia 

13. Lip oblong-spat ulate, fl-S mm. long, unequally 3-lobed at apex, lateral 
lobes prolonged beyond obsolete middle lobe; spur saccate, very 
short, broad and blunt, whitish, delicate; floral bracts 2-4 times the 
length of the ovaries; stem leafy 14. H, bracUaia 


1. Habenaria tacera (Michx.) Lodd. Ragged orchid 
(BUpharighUia foecra (Michx.) Rydb.) 

In moderately acid conditions in wet open sedge swamps and marshes, 
in meadows and glades of open woods. June~July. 

Mountain counties: Ashe: QprraU 4031 (D). Henderson: Campbell (NO); 
BiUmpfs 4816a (N, U). Macon: BUmquiet 5944 (D). Mitchell: Welherhp 159 
(U). Tran83dTania: House 8653 (G). 

Riedmont counties: Forsyth: SchumniU (N8); Denke (D). Union: Carrell 
m CD, HMD, GHO, A). 
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Coastal Plain counties: Pender: WeJU (SC). 

Newfoundland to Georgia, west to Alabama, Missouri, and Manitoba* 

2. Habemria peramoena A. Gray. Purple fringeless orchid 
(BlepharighUia peramoena (A. Gray) Rydb.) 

In moderately to strongly acid soil of moist meadows and along 
stream banks. July-August. 

Mountain counties: Buncombe: WtUiatMon (NS); BiUmort 488b (N); Hall 
(B). Burke: CarreU 8916 (D). Jackson: BUmquut 5947 (D). McDowell: 
Hyam$ (U). Macon: Correll 3494 (D). Mitchell: Wetherhy (U). Swain: 
Beard9lee and Kofoid (N, C); Hall (B). Watauga: Carter (P). 

Piedmont counties: Caldwell: — (NC). Forsyth: Shirley (D); Denke (S). 
Iredell: Hyame (U). 

Pennsylvania and New Jersey to North Carolina, west to Illinois, Missouri, 
and Alabama. 

3. Habenaria fimbriata (Ait.) R. Br. Large purple fringed orchid 
(H, grandiflora Ton*.; BlepharigloUis grandiflora (Bigel.) Rydb.) 

In moist deciduous woods, in lowland meadows, medium to strongly 
acid conditions. June- August. 

Mountain counties: Buncombe: BxUmore 4994 (P, U, N, NC, G), 4994b (N, 
U, G); StandUy and Bollman 10003 (U). Haywood: Ooeting 34455, 35390 (D); 
Hall (B). Mitchell: Smith (U); Small and Heller (U). Watauga: Trudell 
(HMD); Durand (C). 

Newfoundland to North Carolina and Tennessee, west to Ontario and New 
York. 

4. Habenaria peycodes (L.) Spreng. Small purple fringed orchid 
{BlepharigloUte peycodes (L.) Rydb.) 

In upland meadows, swamps, and in open moist woods, neutral to 
slightly acid soil. Juner-August. 

Mountain counties: Avery: Ashe 1337 (NC); Small and Heller (F). Bun- 
combe: Harvey (NC); Faxon (G); CorreU 57, 142, 3818, 3819 (D), 3839 (D, A). 
Haywood: flomquist 5925 (D, P): Smith (U, G); Wte^ond (C); StandUy 5685 (U); 
Hendrix B65 62 (D); CorreU 3788 (D, HMD). Jackson: BlomquUt 5924 (D); 
Williameon (NS). McDowell: Peattie 939 (NC). Mitchell; Small and Heller 
(F, P); Barehherger 132 (P, N); Ashe (NC); SchalUri 9437 (D); Cannon (U); 
Wetherhy 160, 189 (U) Smith (U). Swain: Andeteon 1465 (P); Ooeting 35443 (D, 
HMD, GHG), 354!^ (D); Blomquiet 5940 (D); BeardeUe and Kofoid (N, G, 0). 
Transylvania: Houee 49^ (U). lyatauga: Trudell (HMD); Leeds 1097 (NS); 
Rydberg (N). 

Newfoundland to North Carolina, west to Minnesota and Iowa. 
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5. Habenaria repem Nutt. Creeping orchid 

In ditches, streams, swamps, ponds, and on lake shores, often on 
floating mats on the surface of water. August-October. 

Coastal Plain counties: Brunswick: JRscd 98(D). New Hanover: WilliatHBon 

(NB) ; B4»rtram (NS); Wherry (NS); Cariby 13 (NS, B, F); SlomquiBt 5945 (D). 
Virginia to Florida, Alabama, and Louisiana; also West Indies, and Central 

and South America. 

6. Habenaria blepharigloUis (Willd.) Hook. White fringed orchid 
(BUpharighUia blepharigloUis (Willd.) Rydb.) 

In strongly acid bogs, i)eat lands, and pine barrens. July-September. 

Mountain counties: Haywood: Standley 5611 (U). Henderson: Smith 268 
(BU, U); Campbell (NC); Correlldm (D, HMD), 3357 (D). 

Coastal Plain counties: Bladen: Heller (F); Blomquiet 5933 (D); Blomquiat 
and Correll 2575 (D, GHG). Brunswick: Blomquiet 5935 (P, D); Matthews (NC); 
McCarthy (U). Columbus: Ueds 1106 (NS); Schallert (POS, N, WV), 9405 (D). 
Craven: Kearney 1939, 1979 (U). Johnston: Deans (NC). Jones: Alexander 

(NC) ; Beanen 462 (D); McCarthy 84 (NC). Martin: Fisher (NS). Moore: 
Katzenstein (G). New Hanover: Vestal 36 (A); Deans (NC); Williams (U); 
Smith (U); Ashe 1010 (NO). Onslow: Alexander (NC); Randolph 994 (C, G). 
Pender: Wells (SC). Richmond: Jester (D, A). Wilson: Blomquist 7582 (D). 

Newfoundland to Florida, west to Minnesota and Mississippi. 

6a. Habenaria blepharighUia var. hohpetala (Lindl.) A. Gray 
Similar to the species in size, having narrower and obsolete toothed 
petals; lip entire or slightly serrate. In sphagnum bogs. July- 
September, 

Mountain counties: Cherokee: Correll 3621 (D, HMD). Henderson: Camp- 
bell (NC). 

Distribution same as the species. 

6b, X Habenaria canbyi Ames 
(H. blepharigloUis z JEf . cristata) 

Lip about 7 mm. long, deeply fringed; spur 12 mm. long; intermediate 
between the parent species in color and size of flowers (18), Acid bog. 
July. 

Mountain counties; Henderson: Correll B357 (D). 

New Jersey, Delaware, and North Carolina. 

7. Habenaria cristata (Michx.) R. Br. Crested orchid 
{BlephcariglotHs cristata (Michx.) Raf.) 

In decidedly acid habitats along the edge of open bogs and in low 
moist open woods. June*-September. 
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Mountain eounties: Henderson: CmiMI (NO); Hdmu (NC); 8miih 15S 
(U, G); CarreUmi (D^ A, HMD). 

Piedmont counties: Forsyth: SchwimUt (NS); Denke (S). Wake: Asks (U). 
Coastal Plain eounties: Bladen: Leeds 1100 (NS); BUmquist b&BSA (D); /Ran- 
dolph 1046 (C^ G) ; Heller (F) ; Blomquut and Coftdl 2572 (D). Chowan: Kea/mey 
1890 (17). Columbus: Sehallert (roS, N), 5124 (D). Craven: Biltmore 4867a 
(P, U, G, N); Brown 16 (U); Kearney 1944, 1964 (U). Cumberland: Leeds 1099 
(NS). Dare: Ahhe and SptUieholz (C). Duplin: Wherry and Trudell (HMD). 
Edgecombe: Alexander (NO). Halifax: — (HMD). Johnston: Deans (NC); 
Blomqwst and Correll 4770 (D). Jones: Beaven 460 (D, GHG). Lenoir: /Ran- 
dolph 789 (C). Martin: Fisher (NS). Moore: Wieher (NC); KaUtensiein (G). 
Nash : Blomquist 7552 (D) . New Hanover : Wherry and Trudell (HMD) ; WiUiam- 
son (NS). Onslow: Alexander (NC). Pamlico: Randolph 8^ (C). Pender: 
Leeds 1101 (NS). Richmond: Smith (D). Sampson: Wherry and Trudell 
(HMD). Wayne: Burlingame (BU). Wilson: Blomquist 7581 (D); Randolph 
720 (C, G). 

Massachusetts to Florida and Mississippi, west to Texas and Michigan. 

8. Hdbenaria ciliaria (L.) R. Br. Yellow fringed orchid 
(Blephariglottia ciliaria (L.) Rydb.) 

In peaty bogs, meadows, edge of dense woods, floodplain regions, 
thickets, dry open soil. July-September. 

Mountain counties: Ashe: Ashe (NC); Sudworth 107 (U). Avery: Biltmore 
489b (P, G, U, NC, N, NS, F, B), 489 (C); Gower 629 (P08); Rydberg 9477 (N); 
Standley and Bollman 0974 (U) ; Ball (B) ; Correll 3951 (D). Burke : Blomquist and 
Correll 470S (D); Correll 3901 (D, POS). Caldwell: Seymour 91 81 7 (C). Che- 
rokee: Correll 3562 (D), 3605 (But, D), 3670 (D, HAID). Graham: CorreU 3643 
(D, GHG). Haywood: — (A); Eliason (NC); Hall (B). Henderson: Smith 270 
(BU, U, G) ; Campbell (NC) ; Correll 3309, 3319 (D), 3335 (D, A). Jackson : Correll 
3486 (D). Macon: BeaU (HMD); Coker (NC); Harbison (G); Harbison and Tot^ 
ien(NC);Correll35SS(D), Mitchell: Ashe (N); Correll 3885 (D, HMD, A, MBD). 
Polk: Peaitie 1075 (NC), Swain; Beardslee and Kofoid (N, T, U, G, WV, B, F); 
Correll 3711 (D, GHG), 3760 (D). Transylvania: Rydberg 9500 (U, N, NS) ; Smith 
269 (U); Blomquist 69^ (D); Correll 3370 (D). Watauga: Carter (P); Stidworth 
47 (U); Durand (C); Heller (F). Yancey: Leeds 1186 (NS); Abbe and SpaltehoU 
(C); Correll 3880(D). 

Hedmont counties: Forsyth: Schweinits (NS); Chitty (D); Denke (S). Or- 
ange: Totten (NC); Holland 3422 (NC). Polk: Townsend (U, C). Richmond: 
Jester (D); Smith (D). Rowan: Small (F). Stanly: Small and Heller (N, F). 
Surry: Sehallert 1016 (D). Wake: Miller (NC). 

Coastal Plain counties: Bladen: Randolph 1045 (C, G); Blomquist 5938 (D). 
Brunswick: Matthews (NC); Munter (G); Blomquist 5934, 5937 (D). Carteret: 
Lewis 97 (N). Columbus fSchallerl (roS, N). Johnston: Deans (NC); Ashe 
(N, NC). Jones: Realm 458 (D). Martin: Fisher (NS). Moore: Wicker (NC); 
KatzsTMtein (G). Nash: Rlomgutse *7553, 7568 (D). New Hanover: Maqfartane 
and Nakahara (P); Vestal 40 (A); Williamson (NS); WiUiams (U); Smith (U). 
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Onslow: Athe (NC). Pender: BlomquiBt 5023 (D). Richmond: Je$Ur (D); 
Smith (D), Sootlend: Smith (D), Waspne: Burlingame (BU). 

Onti^o, Vermonti and Maaeachueetts, to Florida and MiseiBeippi, west to 
Texas and Michigan. 

9. Hdbenaria integra (Nutt.) Spreng. Yellow fringeless orchid 
{Oymnadeniopm integra (Nutt.) Rydb.) 

In open moist pinelands and in open decidedly acid bogiands of 
sphagnum or rotting wood. July-August. 

Piedmont counties: Forsyth: SchweiniU (N8). Rowan: SmaU (F). 

Coastal Plain counties: Brunswick: McCarthy (N). Martin: FUher (N8). 
New Jersey to Florida, west to Tennessee and Texas. 

10. Habenaria nivea (Nutt.) Spreng. Snowy orchid 
(Gymnadeniopsis nivea (Nutt.) Rydb.) 

In swamps and low pinelands, and in wet open acid bogs. Jime- 
August. 


Coastal Plain counties: Beaufort: Correll 1600 (D, A). Bladen: Leeds 1008 
(NS); Randolph 1047 (C, G); Blomquiat and Correll 2571 (D, HMD). Columbus: 
Schallert (PCS); Wiegand and Afanmn^ 906 (C, G); Heller (F). New Hanover: 
Trudell (NS) ; MacElwee (NS) ; Williameon (NS) ; Biltmore 5202a (U, G). Pender: 
McCarthy (U); Welh (SC). 

New Jersey and Delaware to Florida, west to Arkansas and Texas. 

11. Habenaria orbicuUUa (Pursh.) Nutt. Large round-leaved orchid 
{Lysias orbiculala (Pursh.) Rydb.) 

In rich damp wooded ravines on mountain sides, acid* habitats, July- 
August. 

Mountain counties: Ashe: Ashe (NC). Mitchell: Wetherhy 148 (N). Wa- 
tauga; Small and Heller (P, N); Huger (N); Gray (N). 

Piedmont counties: Stokes: Denke(D), 

Labrador and Newfoundland to the mountains of South Carolina, west to 
Alaska, Washington, and British Columbia. 

12. Habenaria flam (L.) R. Br. Tubercled orchid 

{Perularia flava (L.) Farwell; P. scuteliata (Nutt.) Small in part; 
P. bidentaia (Ell.) Small in part) 

In wet grassy places and moist thickets in alluvial depoints, mountain 
bogs and low moist woods. June-September. 

Mountain counties: Buncombe: Biltmore 1218 (U, C), 1218b (P, T, NS, N, U, 
NC, G, F). Cherokee: Schweinite (NS). Haywood: Blomquist 5042, 5048 (D). 
Jackson: Thaxter (G). Macon: Blomquist hHl (IT). 
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Piedmont oountiee: For 83 rtIi: 3ehvmnit§ (NS); ChiUy (D); Denke (D); Z^^moit 

(S). 

Oonetal Plain counties; Johnston: Deans (NC). Nash: Oosting 35578 (D). 
WUson; Wherry (N). 

Nova Scotia to Florida, along the Gulf Coast to Texas, westward to Minnesota, 
Illinois, and Missouri. 

13. Habenaria claveUata (Michx.) Spreng. Little clubnspur orchid 
(Gymnadeniopsia claveUata (Michx.) Rydb.) 

On the edge of streams in densely wooded areas, in sheltered sphag- 
num bogs, moist thickets, and swamps where moderately acid condi- 
tions exist. July-August. 

Mountain counties: Ashe: Correll 3968 (D). Avery: Corrrii 3928 (D). Bun- 
combe: Peattie 951 (NC); Standley and Bollman 10145 (U); Biltmore 490a (U, G); 
Correll 3831, 3848, 3860 (D). Burke: Correll 3913 (D). Cherokee: SchvmniU 
(NS); Correll 3555 (D). Graham: Correll 3646 (D). Haywood: Blomquist 5939 
(D); Correll 3791 (D). Henderson; Wtegand and Manning 896 (C, G); Correll 
3251, 3362 (D). Jackson: Ashe (NC); Blomquist 5946 (D); Thaxter (G); Correll 
3493 (D). Macon: Coker and Holland (NC); Coker and Harbison et al (NC); 
Underwood et al 2779 (T); Buckley (N). Mitchell: Wetkerhy (HMD); Ashe (NC); 
CorreUSSSS (D, GHG). Polk: Peattie 97B (F), 1041 (NC). Swain: Beardsleeand 
Kofoid (F, N); Oosting 35UI (D); CorrellZm (D), 3713 (D, A, But, MBD, POS). 
Transylvania: House 3655 (G), 4376 (U); Correll 3391 (D), 3414 (D, HMD). Wa- 
tauga: Carter (P); Heller (N, NS); Robinson 143 (G); Hulst (B). 

Piedmont counties: Burke: Correll 3087 (D). Caldwell: Randolph 1125 (C, 
G). Caswell: Ashe (NC). Cleveland: Correll 3001 (D). Durham: Correll 

4723 (D) . Forsyth : Schweinitz (NS) ; Denke (D, S) ; Correll 2652 (D) . McDowell : 
Correll 3171 (D, HMD). Moore: Blankniship 338 (A). Orange: Alexander 
(NC). Polk: Tovmsend (C, U), Warren: Bcholz (NC). 

Coastal Plain counties: Brunswick: Blomquist and Correll 4880 (D). Halifax: 
Williamson (NS). Harnett: Blomquist and Correll 2573 (D). Johnston: Blom- 
quist and Correll 4768 (D). Nash: Blomquist et al 7577 (D). Pamlico: Oosting 
33214 (D). Sampson: Wherry and Trudell (HMD). Wilson: Oosting (p). 

Newfoundland to Florida, west to the Mississippi Valley, Minnesota, to 
Louisiana. 

14. Habena]^ hracteata (Willd.) R. Br. Bracted orchid 
(Coeoglossum bracteatum (Willd.) Pari.) 

Damp woods and thickets, May-June. 

Mountain coimties: Mitchell: Ashe (NC). 

Piedmont counties: Denke (D). 

Nova Scotia to North Carolina, whst to Alaska, British Columbia, and Wash- 
ingtclOL 
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4. POGONIA mss. CREST LIP 

1. Lip not lobed, at most Iacerate*toothed, less than 2 cm. long; sepals and petals 

alike; flowers pale-rose to white; leaf 1, arising near middle of the stem, lance- 

ovate; a leafy bract at summit of stem 1. P. ophioglosBoides 

1. Lip d-lobed, slightly fimbriate along the margin 

2. Leaves 5-6 in a whorl at summit of stem, ovate, 2-5 cm. long, becoming larger 

as the erect fruit matures; sepals linear conduplicate, unlike the petals 

3. Sepals 5 cm. long; lip 2.5 cm. long, linear, partly papillose, with crest down 
middle; flower solitary, distinctly pedicelled 2. P. vertidUata 

3. Sepals about 2.5 cm. long, about the length of the petals, somewhat narrowed 

toward the base; lip crested over the entire face and on the middle of the 

lateral lobes; flower 1, often 2, essentially sessile 3. P. affinia 

2. Leaves 1 -several, not whorled, alternate 

4. Leaf solitary, rarely 2, arising near the middle of the stem, usually more than 

2 cm. long; a leafy bract at summit of stem; flower 1, rarely 2; lip more than 

2 cm. long 4. P. divaricata 

4. Stem leafy; leaves wide-oval, concave, clasping the stem, less than 2 cm. 
long; flowers several, usually 3; lip less than 2 cm. long 

5. P. trianthophora 


1. Pogonia ophiogloasoides (L.) Ker. Rose pogonia 

In acid habitats, in wet open bogs, mossy tracts, and among sedges. 
May-June. 

Mountain counties: Haywood: Ruth (T). Henderson: BiUmore 11028 (U); 
Carrell, Blomqutat, and Garren 5117 (D). Mitchell: Ashe (N). 

Piedmont counties: Forsyth: Schweinitz (NS); Lehman (D); Denke (S); 
Schallert (8). Wake: Coit (SC). 

Coastal Plain counties: Bladen: Biltmore 1369 (U, C); Aahe 347c (NC); Blam^ 
quid and Carrell 399 (D), 400 (D, HMD, GHG, A). Brunswick; Aahe (NC); 
BilUnge (D); Leeds 1151 (NS). Columbus: Schallert (POS). Currituck: BriUan 
and Small (N). Johnston: Mitchell (D). Martin: Fieher (NS). Moore: Afentte 
(L). New Hanover: Aehe (NC). Pamlico: Carrell 1493 (D), Wayne: 

Malthewe (NC). Wilson: BlomquietTUd (D). 

Newfoundland and New England to Florida and the Gulf States, west to Texas 
and Minnesota. 

2. Pogonia vertidUata (Willd.) Nutt. Large whorled pogonia 
{Isotria veriidUala (Willd.) Raf.) 

In strongly acid soil on moist slopes in deciduous woods. April-July. 

Mountain counties: Ashe: Aahe (NC). Buncombe: WiUiamaan (NS); Bilt- 
mare 1246 (U, C), 1246b (N, U, G, F); Martin (C). CaldweU; SmaU and HaUar 
(C, F). Haywood: Blamquiat 5954 (D). Henderson: Huger (N); CampheU 
(NC); Garren 230 (D). Watauga: lAvingatan (N). Yancey: Carrell 8870 (D, 
HMD, A). 

Piedmont counties: Cleveland: Carrell 8000 (D). Forsyth: Lehman (D, S). 
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Guilford: MiUhtU(J>). Polk: Peoifte 1088 (NO, F). Surry: J2u45y(N). Waka: 
Kramer (D). 

Coastal Plain ooimties: Johnston: MitcheU (D). 

New England to Florida and Louisiana, west to Texas, Arkansas, and Wis- 
consin, 

3. Pogania affinis C. F. Austin. Small whorled pogonia ‘ 

On wooded slopes along stream banks. May-Jime. 

Piedmont counties: Surry: Douglae (NC). 

Erratically distributed in New England, New York, Pennsylvania, New Jersey, 
Maryland, Virginia, and North Carolina. 

4. Pogonia divanccAa (L.) R. Br. Spreading pogonia 
(Cleistes divaricata (L.) Ames) 

In strongly acid situations in swamps, meadows, and on wooded 
hillsides and mountain tops. May-July. 

Mountain counties: Burke: Gray et al (NS, F). Henderson: Wherry (HMD); 
Shoolhred (N); Correll 3301B (D). Madison: Ooeixng 35382 (D); Churchill (T), 
Mitchell: Wetherby 61 (U). Polk: Wheeler (NS); Mtllspaugk (F). Watauga: 
SmaU and HeUer (C, U). 

Piedmont counties: Burke: Small and Heller (P, HMD, N, NS, B, F). Cald- 
well: Small and Heller (F). Catawba: Small and Heller (F). Iredell: Hyame 
(U). Wake: Lynn (D). 

Coastal Plain counties: Brunswick: Blomquiet and Correll 444 (D); CorreU et 
al 588 (D) . Columbus : Schallert (POS) . Craven : Croom and Loomie (N) . Cum- 
berland: Schweinitz (NS). Duplin: Maihewe (NC). Harnett: Correll 253^ (D). 
Martin: Fieher (NS). New Hanover: Burk (P); Bartram (NS). Onslow: Mol- 
denke 1246 (P, D, N). 

New Jersey and Delaware, south to Florida and Alabama, west to Kentucky. 

6, Pogonia trianthophora (Sw.) BSP Nodding pogonia 
(P. pendvla Lindl.; Triphora tnanthophora (Sw.) Rydb.) 

In damp rich woods, tWckets, or in evergreen forests in neutral to 
slightly acid soil. July-September. 

Mountain counties: Buncombe: Beale (A, HMD); Correll 3845 (D, POS). 
Burke; Alexander (NC). Haywood; Smith (F, NS, U, G); Coker (NC); Ruth 
480 (G). Henderson: Memminger (N); Campbell (NC); Holmes (NC); Wiegand 
and Manning 020 (C). Jackson: Williameon (N, NS). McDowell: Leeds 1148 
(NS). Macon: Coker et al (NC). Mitchell: Wetherby (HMD). Polk: Peattie 
1611 (NC). Swain : Beardalee and Kofoid (A, N, G, WV, F) ; Hulst (B). Transyl- 
vania: Kmory (A) ; Wherry (HMD) ; Slosson (Q);Correll 3409, 3425 (D), 3434 (D, A, 
GHG, HMD). Watauga: Durand (C); Yancey: Biltmore 781b (N, U, G); Hall 
(B). 

Piedmont counties: Forsyth: Denke (D); Schuman (8)* Polk: Townsend 
(U, C). 

Maine to Florida and Alabama, west to Wisconsin and Missouri. 
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5. ABRTHXTSA (ORONOV.) L. ABETROSA 

1. Arefhum bulboaa L. Bog arethusa 
In acid sphagnum bogs. May-June. 

Mountain counties: Henderson: Campbell (NC); Bhoolhred (N). Transyl- 
vania: Huger (N). 

Piedmont counties: Forsyth: Schwinitz (NS). 

Newfoundland to mountains of South Carolina, west to Minnesota and Wis- 
consin. 


6. SPIRANTHES RICH. LADIBS’ TBB8SSS 

{Ihidium Salisb.; Gyroeiachya Pers.) 

The genus may be distinguished by the arrangement of the small, 
white, yellowish or greenish white flowers in a more or less spirally 
twisted raceme, often merely secund; lateral lanceolate sepals free to 
the base, not decurrent on the ovary; upper sepal united with the oblong 
petals; lip short-stalked, with a callus protuberant (callosity) within 
on each side of the base. 

According to Ames (4), ^‘Spiranthea is the most perplexing orchid 
genus in our flora. It is the least understood and the one that fur- 
nishes to authors who gipw impatient under the restraints imposed by 
cautious progress, the best opportunities for the multiplication of 
species. It is a genus that repays intensive observation in the field 
and prolonged contemplation in the herbarium.'^ 

1. Lip less than 5 mm. long 

2. Raceme densely flowered in several ranks, not conspicuously twisted, oval in 

appearance ; lip ovate, sometimes constricted above the middle, about 4 mm. 
long; callosities slender, elongated, strongly curved; leaves persistent, 
radical and caudicle, linear, acute, less than 10 cm. long; flowers small, 
white, nodding 1. 5. avaUa 

2. Raceme loosely flowered, in single rank, spirally twisted, often secund; 

leaves fugacious, when present basal, small, ovate, elliptic 

3. lip white, quadrate, flared at apex, crisped, 2-3 mm. long; root solitary (the 

remains of last year’s tuber often persisting) 2, S, Beekii 

3. lip medially colored, 3-4 mm. long; roots fasciculate 

4. Lip medially yellow, ovate to ovate-oblong, slightly constricted above the 
middle, fiiur^ and crisped at the apex; callosities slender; flowers openmg 

in spring, April-May 8 . S.fioridanum 

4. lip medially green, oblong-quadrate, with a crisped white margin; callosi- 
ties stout; flowers opening in summer and fall, June-September 

4. 8* graeilia 

1. lip 5 mm. long or more 

5. Raceme loosely flowered in single rank, merely secund or spirally twisted; 
leaves persistent or fugacious 
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6. Lip 8-0 mm. long, broadly rhombie at base, 4r6 mm. wide, tapering to the 
obtuse tip, wavy on the margin, crisped above base, reourv^ near apex; 
flowers secund in a single straight or soaroely spiral row, horison^; l^racts 
ovate, acute, scarcely longer than the ovaries, smooth, glabrous; basal 
leaves wanting during anthesis; flowering in the fall, September-Novem- 

her b, S. UmgilabrU 

6. Lip 5--S mm. long; flowering in the spring or early summer, April-July 

7. lip oblong, often flared and broadest at the distal end, smooth beneath, 
thinnish, the veins prominent, 6-8 mm. long; flowers white, often veined 

with green; leaves mostly fugacious 6. S, praecox 

7. Lip ovate to ovate-oblong, broadest in front of the callosities, pubescent 
beneath, more opaque and thicker, with nerves showing less distinctly 
than in the preceding species, 6-7 mm. long; linear-lanceolate leaves 

mostly persistent 7, S, vemaliB 

5. Raceme densely flowered in 2-several ranks (rarely 1-ranked in 5. eemua), the 
rachis not conspicuously twisted; leaves persistent 

8. Lip 0-11 mm. long, basal half dilated, rhomboidal, tapering to the obtuse 
apex, often broadly ovate to broadly cuneate, callosities prominent; flowers 
cream-colored, often marked with green, fragrant; leaves extending up 

the stem S. S, odorata 

8. Lip 7-10 mm. long, ovate-oblong, usually constricted about the middle and 
flared at the apex; flowers white, slightly downy, nodding perceptibly; 
leaves mostly radical 9. <8. eemua 

1. Spiranthes ovalis Lindl. Oval ladies^ tresses Plate 15, f. 1 
{Ihidium ovale (Lindl.) House) 

In moist shady woods and on the edge of thickets, on wooded hills. 
September-October. 

Piedmont counties: Durham: Correll 4761, 4764 (D). Orange: Barksdale 
(NC). 

North Carolina to Georgia, westward to Texas, up the Mississippi Valley to 
Illinois. 

2. Spiranihes Beckii Lindl. Little ladies’ tresses. Plate 15, f. 2 
(Gyrostachys simplex (A. Gray) Kuntze; Ihidium Beckii (Lindl.) 

House) 

In dry soil in fields and open woods, acid habitats. June-September. 

Moun taiii^counties : Cherokee : Correll d563B (D) . Graham : Correll 3640A (D) . 
Swain: BeardsUe and Kofoid (N, C, F). 

Piedmont counties: Durham: Latham (D); Correll 4666, 4765A (D), 4666A 
(D, A). Forsyth: Sehallert 1300 (D); Correll (D). Iredell; Blomquist and Cor- 
rell 4670 (D). McDowell : blomquist and Correll 4672 (D, HMD, GHQ). Orange : 
Reasoner (NC) ; Alexander (NC) ; Ashe 653 (NC) ; Correll 4725 (D), 4742 (D, MBD). 
Randolph: Barksdale (NC). Rowan: Sm^l and Heller (F). Stokes: Sehallert 
8136 (POS). 
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Comital Plain counties: Beaufort: Carrdl 1561A, 1704A (D). Camden: CarrsU 
2216A (D). New Hanover: WiUiammm (NS). Pamlico: Correll 14SI2A, 1502A 
(D), Kiehmond: Wiegand and Manning 911 (C, Q). Sampson: Wheny and 
Trvd$tt (HMD). Tyrrell: Correll 1895A (D). Washington: Correll 1901 A (D, 
POS). 

Massachusetts to Florida and Texa8» up the Mississippi Valley to Arkansas and 
Kentucky. 

3. Spiranthes floridanum (Wherry) comb. nov. Florida ladies* tresses 
(Ibidium floridanum Wherry) Plate 15, f. 3. 

Savannah land. May. 

Coastal Plain counties: Pender: WelU (D, SC). 

Coastal Plain, North Carolina, to Florida and east Texas* 

4. Spiranthes gracilis (Bigel.) Beck Slender ladies’ tresses 
{Ibidium gracile (Bigel.) House) Plate 15, f. 4 

In dry, moderately acid soil, grassy fields, open woods, and on beach 
lands along the coast. June-September. 

Mountain counties: Ashe: CorreZi 4035 (D). Burke: Alexander (NC). Cald« 
well: Small and Heller (F). Cherokee: Correll 3622, 3637 (D), 3553 (D, POS). 
Graham: Correll 3640, 3682 (D). Haywood: Standley 5739 (U); Hall (B); Hall 
509 (U). Henderson: Holmes (NC); Correll 3340 (D). Jackson: Correll 3488, 
3488A (D). McDowell: Standley and BoUman 10110 (U). Mitchell: Wetherhy 
(HMD). Polk: Peattie 11091 (NC). Swain; Beardelee and Kofoid (N, C); 
Wright et al . 234 (C) . Transylvania : House 4015 (G). Watauga : Durand (C) . 

Piedmont counties: Caldwell: Randolph 1064 (C). Durham: Latham (D); 
Correll 4657, 4753 (D). For 83 rth: Schvmnitz (NS); Lehman (S); Correll 4094 (D). 
Orange: Reasoner (NC). Polk: Townsend (C, U). Randolph: Barksdale (NC). 
Rowan: Heller (NS); Small and Heller (F). Warren: SchoU (NC). 

Coastal Plain counties: Beaufort: Brues (A); Correll 1704 (D, A, MBD), 1561, 
1579 (D). Bertie: Correll 1958 (D). Camden: Correll 2217 (D). Chowan: 
Wiegand and Manning 913 (G); Correll 2018 (D). Cumberland: Schallert (POS). 
Currituck: Correll 2616 (D). Johnston: Smith (NC). Pamlico: Correll 1492, 
1502 (D). Pasquotank: CorreU 2085 (D). Tyrrell: Correll 1895 (D, A, HMD, 
GHG). Washington: CorrelZ 1901 (D, But). 

Nova Scotia to Georgia and Louisiana, west to Texas and Manitoba. 

5. Spiranthes longilabris lindl. Long-lipped ladies’ tresses 
{Ibidium longilabre (lindl.) House) Plate 15, f. 5 
Open savannah land in the coastal plain. October. 

Coastal Plain counties; Pender: Wells (SC, D). 

North Carolina to Florida, Mississippi, and Louisiana. 
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6. SpirantheM praecox (Walt.) S. Wats, and Coult. Qiant ladies’ 

tresses 

(Ibidium praecox (Walt.) House; Oyrodaehye praecox (Walt.) Kuntse) 
Plate 16, f. 6 

In wet grassy bogs and low moist meadows and marshes. May- 
August. 

Piedmont counties: Anson: CorreU 1040 (D). Person: Ooating 83335A (D). 
Coastal Plain counties: Beaufort: CorreU 1560, 167dA, 1606A, 1705B (D). Bla- 
den: CorreU 402 (D). Brunswick: Leeds 1122 (NS); CorreU 445A, 587A, 456 (D). 
Camden: CorreU 2065, 2218, 2219 (D). Carteret: Levns 96 (N). Columbus: 
Sehdlleri (D, PCS). Craven: CorreU 1478A (D, PCS). Currituck: CorreU 2131, 
2150, 2138A, 2139 (D). Dare: CorreU 1738 (D, HMD, A, GHG). Greene: Cor- 
reU 1342 (D, A). Martin: CorreU 1844A (D). Nash: CorreU 2500 (D). New 
Hanover: CoviUe (U); Macfarlane (P); WiUiamson (NS). Pamlico: CorreU 
1489, 1491, 1496 (D). Pender: WelU (SC). Richmond: Wherry (NS); CorreU 
1111 (D). Scotland: CorreU 1179 (D). Washington: CorreU 1902 (D). 

New Jersey to Florida and Alabama, westward to Texas. 

7. SpirarUhes vemalis Eng. and Gray Spring ladies’ tresses 
{Ibidium vemale (Eng. and Gray) House) Plate 16, f. 7 

In low pastures and meadows, bogs, marshes, swamps, and in open 
dry gravelly soil. May-August. 

Mountain counties: Ashe: CorreU 4036 (D). Cherokee: CorreU 3553A (D). 
Piedmont counties: Anson: CorreU 1029 (D, POS). Cabarrus: CorreU 851 
(D). Durham: Blomquiet 7401 (D); Oosting 33132 (D). Granville: McCarthy 
(U). Orange: Coker and Totten (NC). Rowan: Heller (N). Stanly: CorreU 
918 (D). Union: CorreU 956, 990 (D), 999 (D, But.), 999A (D, GHG), 920 (D, 
HMD, A). Wake: Blomquiet 8533 (D). 

Coastal Plain counties: Beaufort: CorreU 1675, 1705, 1705A, 1696, 1706, 1706A, 
1627 (D), 1676 (D, MBD). Bertie : ' CorreU 1953, 1984 (D). Brunswick: Wie- 
gand and Manning 915 (G); CorreU 455 (D, HMD), 587, 2132A (D). Camden: 
CorreU 2065A (D). Chowan: Wiegand and Manning 913 (C); CorreU 2019, 2020 
(D). Craven: CorreU 1473 (D), 1474 (D, A) Currituck: Blomquist (D); Cor- 
reU 2130, 2137, 2181, 2131 A, 2138, 2136, 2155 (D). Dare: Blomquist 7453 (D). 
Edgecombe: CorreU 2434 (D). Gates: CorreU 2241 (D). Greene: CorreU 1341 
(D). Halifax: WiUiamson (NS), Martin: CorreU 1844 (D). New Hanover: 
WelU (SC). ^Pamlico: CorreU 1500, 1501, 1501 A (D). Tyrrell: CorreU 1894 (D). 
Massachusetts to Florida, west to Mexico, Illinois, and Missouri. 

7a. X SpirarUhes irUermedia Ames 
(S. gracilis x S, vemalis) 

Resembling S. vemalis but more slender throughout, 18-30 cm. tall; 
spike 3-7 cm. long; lip 4.5 mm. long, elliptic-oblong, greenish with green, 
slender callosities, wavy-margined at distal end; floral bracts 5 mm. 
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long^ ovRte-lanceolate, strongly hyaUne-mar^Ded, somewhat tmzislu'*^ 
cent; leaves mostly basal, linear-lanceolate, about 5 cm. long. In 
upland meadows and in dry meadows along the coast. July. 

Coastal Plain counties: Currituck: Canell 21dSA, 2132 (D). 

Massachusetts and North Carolina. 

8. SpirantheB odorata (Nutt.) Lindl. Fragrant ladies’ tresses 
{OyroBtachys odorata (Nutt.) Kuntze) Plate 15, f . 8 

In low marshes and swamps, often growing in the water of flooded 
swamps in dense clumps because of its stoloniferous habit. October- 
November. 

Coastal Plain counties: Brunswick: BUmquist and CorreU 4803 (D). Colum- 
bus: Reed 24, 121 (D); Blomquist and CorreU 4897 (D, HMD, A, GHG). Craven: 
Loamy (N); McCariky (NS). Ciurituck: McAtee ^33 (N). Halifax: Bartram 
(NS). 

Maryland and Virginia and along Gulf States to Texas. 

9. Spiranthes cemua (L.) Rich. Nodding ladies’ tresses 
{Ibidivfn cernuum (L.) House) Plate 15, f. 9 

In strongly acid soils in bogs, swamps, low meadows, and on the 
edge of low swampy woods. September-November. 

Mountain counties: Ashe: Ashe (NC); Eggleston 4177 (U). Buncombe: Bin- 
more 3517a (U, P, G, N); Aehe (NC). Haywood: Hager (N), Henderson: Camp- 
bell (NC). Jackson: Wherry and PenneU 14199 (NS). Yancey: Beals (HMD); 
Wherry and PenneU 14209 (NS). 

Piedmont counties: Durham: Reed 12 (D); Blomquist 5955 (D); Blomquist and 
CorreU 4901 (D); Duncan (D); CorreU 4913, 4909 (D). Forsyth: Denke (D, S); 
Lehman (D). Franklin: Ooe/in^ 34802 (D, HMD, GHG). Granville: Reed (D). 
Orange: Coker (NC). Randolph: Causey (NC); Barksdale (NC). Wake: Burl- 
ingame (BU). 

Coastal Plain counties: Brunswick: Wiegand and Manning Hertford: 

Wherry (P). Hoke: SchaUert (POS). Johnston: Blomquist (D). Moore: BUm- 
quist 7641, 7642 (D, A.); Holland (NC); Meritte (L.). New Hanover: SchaUert 
(D) ; Bartram (NS), 

Newfoundland to Florida, west to Texas, New Mexico, up the Mississippi Val- 
ley to Mixmesota and South Dakota. 

9a. Spiranlhes cemua var. ochroleuca (Rydb.) Ames 
To differentiate the variety from the species, Ames says: ‘There is 
only one sure guide that I have found satisfactory, namely, polyem- 
bryonic seeds for the species and normal seeds for the variety” (4) . The 
variety grows in drier ground than the species, blooms somewhat 
later, and has longer floral bracts. The flowers are greenish, cream- 
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oolofed, or white. In open dry forests or edge of woods. September^ 
November. 

Piedmont counties: Randolph: Cawey (NO). 

Maine, South Dakota to Georgia, and New Mexico. 

7. LISTERA R. BR. TWATBLADE 
(Ophrya L.) 

1. Lip with a tooth on each side at base 
2. Lip wide-ovate to round-cuneate, 7-0 mm. long, 7-10 mm. across apex, cleft 
at apex, toothed in the fork of the lobes; basal lateral teeth curved, oblong; 
leaves ovate-reniform or kidney-shaped, mucronate; flowers whitish, long- 

pedicelled; pedicels over 6 mm. long 1. L. SmaXlii 

2. lip narrowly oblong, B-4 mm. long, cleft halfway to base, lobes lance-linear; 
basal lateral teeth curved, horn-like; leaves round-ovate, somewhat heart- 
shaped; flowers purplish to yellowish green, short-pedioelled; pedicels less 

than 4 mm. long 2. L. cordaia 

1. Lip without basal teeth, lance-linear, 6-12 mm. long, cleft halfway to base, 
lobes linear-setaceous, acute; leaves wide-ovate; flowers reddish purple, 

slender-pedicelled; {>edicel8 over 7 mm. long 3. L, auatralU 

s 

1, Lddera Smallii Wiegand Small’s twayblade, Kidney-leaved tway- 

blade 

(Liatera rentformis Small; Ophrys Smallii (Wiegand) House) 

On moist wooded mountain slopes, or in damp shaded rhododendron 
thickets, in strongly acid habitats and often in wooded sphagnum bogs. 
June-July. 

Mountain counties: Alleghany: Correll 4072 (D). Avery: TrudeU (NS); 
Leeds 1615 (NS); Correll 3943 (D). Buncombe: Harshherger 90 (P, NS); Standley 
and Bollman 10030 (U); Martin (C); Frank (N); Correll 3849 (D), 3832 (HMD, D, 
PCS). Burke: Schum (P); Curtis (N); Gray et al, (NS). Haywood: Correll 
3789 (D). Jackson: Huger (HMD, N, D); Blomquist 6950 (D); Trentham (D); 
Ashe (NC). McDowell: LeRoy and Ruger (HMD); Peattie 954 (NC). Macon: 
Coker and Holland (NC); Boynton (U); Wright (C). Mitchell: Price (NS); 5fcr- 
nam (U); Wetherhy 65 (U); Wetherhy (HMD); Ashe (NC); Gray (G). Swain: 
Beardslee and Kofoid (F, N). Transylvania: House 3671 (G). Watauga: Small 
and Heller (P, BU, A, NS, F, U, N, C); TrudeU (L, HMD, BU); Wherry (U); Sud^ 
worth (V);Rhndolph 1182 (G, C). Yancey: Rydberg 9385 (N, U); Leeds 1196 (NS); 
Holmes (NC) ; CorrcW 3876 (D, GHG, A, But.). 

Pennsylvania to North Carolina in the moimtains. 

2. Ldatera cordata (L.) Br. Heart-leaved twayblade 

High moimtain regions, or mossy damp forest floors, particularly 
under evergreens, also in sphagnum bogs. June-July. 
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OoHee^ons: ^Nortti Carolina”: Chapman (U). “Collected in the moiintaina 
of North Carolina, foot of Black, June, 1872”: LeRoy and Ruger (F). “In the 
mountaina of Virginia and North Carolina, July, 1841”: Cray and Carey (N). 

Newfoundland and Labrador to North Carolina, westward to the Pacific 
Coast, from Alaska to New Mexico. 

3. Idetera australis Lindl. Southern twayblade 
Although North Carolina is within the range of this species, no 
specimens have been seen from the state. Curtis (13) includes it in 
his catalogue, and Wiegand cites the species in his revision of the 
genus (22). Wood and McCarthy (23) reported it for New Hanover 
County, “July. Flowers small, greenish.^ April-July. 

Ontario and Vermont to Florida and Louisiana, along the coastal plain region. 

8. GOODTSRA R. BR. RATTLESNAKE PLANTAIN 

(Epipactis (Haller) Boehmer; Peramium Salisb.) 

Raceme loosely few-flowered, 1 -sided, about 4.5 cm. long; lip saccate with an 
elongated tip, margin flared or recurved; flowers white tinged with green; leaves 
dark green; veins of leaf conspicuously bordered with white, confluent 

1. G, repens var, ophioides 

Raceme densely many-flowered, cylindrical, about 7 cm. long; lip strongly saccate 
with short blunt tip, margin not flared or recurved; flowers white; leaves bluish 
green ; veins finely bounded with white, not confluent . 2. G, puhescens 

1. Goodyera repens var. ophioides Fernald Lesser rattlesnake plantain 
{Peramium repens (L.) Salisb.; Peramium ophioides (Femald) 

Rydb.; Epipactis repens var. ophioides (Femald) A. A. Eaton) 
Trailing, stoloniferous, in dense mats of moss in damp cold woods, 
chiefly beneath evergreens, moderately acid habitat. June-August. 

Mountain counties: Avery: Seymour 9188 (C, G). Btincombe: CorreU 3835 
(D, HMD, GHG, A). Haywood: Anderson 1449 (P); House 4490 (U). Madison: 
Ashe (NO). Swain: Beardslee and Kofoid (G). Watauga: SmaU and Heller 
(P, NS, U, F); Heller (N, NS); Durand (C). Yancey: Biltmore 5199a (N). 

Newfoundland and Nova Scotia to South Carolina, west to Manitoba, Michi- 
gan, and New Mexico. 

2. Goodyera puhescens R. Br. Downy rattlesnake plantain 
{Epipactis puhescens (Willd.) A. A. Eaton; Peramium puhescens 

(Willd.) MacM.) 

Most abimdant in dry or moist coniferous woods, rather common in 
deciduous woods, especially so beneath rhododendron thickets in the 
mountains. June-August. 
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Mountain oountieo: Alleghany: CottbU 4006 (D), Ashe: (NO); C<frr$U 

8962 (D). Avery: Janp Gat. 479 (U); CorreU 8948 (D, MBD). Bonoombo: B^ah 
(HMD); Standley and Bollman 9984 (U); CorreU 8838 (D, HMD), 215, 8809 (D). 
Burke: Correll 8898 (D, But.). CaldweU: /Small and Betler (F). Haywood: 
Sliaaan (NO); Oosiing 3^78, 85298 (D); Corrett 8809 (D). Henderaon: BUmqu/iMi 
5932 (D); Oosting 35483 (D); Correll 3254, 8815 (D), 3290 (D, OHG). McDowell: 
BUmquiat and Correll 4675 (D). Macon: Coker and HoUand (NO). Mitchell: 
Wetherhy (HMD); CorreU 3891 (D). Polk: Peattie 1068 (P, NC); Day (Da.); 
Correll 3212, 3254 (D). Rutherford: Abhe and Spdltehoh (0); Hidat (B); Blom^ 
quiet and Correll 5109 (D). Transylvania: Correll 3429, 3433 (D). Watauga: 
Rohineon 100 (A); Heller (NS, N); Huger (N); Randolph 1156 (C, O); Small and 
Heller (C), Yancey: Correll8H!9 (D). 

Piedmont counties: Burke: CorreU 3057 (D, POS). Catawba: CorreU 2812 
(D, HMD, A). Chatham: Correll 714 (D). Cleveland: Correll 3002 (D). Dur- 
ham: Creaeer (D); CorreU 620, 2510, 3891, 4648 (D). Forsyth: Sckalleri (POS); 
Schweinitz (U) ; Lehman (S) ; CorreU ^13, 4080 (D). Guilford : Matthewe and Ward 
(NC); Schallert (D). Iredell: Blomquiat and CorreU 4671 (D). Montgomery: 
Correll 7040 (D). Orange : Wallace (NC) ; Wehb (NC) ; Pollen (NC) ; Couch (NC) ; 
Norton (U); Blomquiat 5931 (D); Millaapa (NC); Abbe and Sp^teholz (C); CorreU 
4721 (D). Person: Ooeltn^ 33341 (D). Polk; PotoneendS (C). Randolph: Cor- 
rell 6W, 732 (D). Rutherford: Correll 3181 (D). Surry; CorreU et al. 4948 (D). 
Warren: SchoU (NC). 

Coastal Plain counties: Halifax: Williamaon (NS). 

Newfoundland to Florida, west to Alabama and Minnesota. 

9. PONTHIEVA R. BB. PONTHIEU’s ORCHID 

1. PorUhieva racemosa (Walt.) C. Mohr. Ponthieu^s orchid 
On the edge of woodland streams and ponds, or on the edge of muddy 
sloughs. September-October. 

Coastal Plain counties: Brunswick: Coating 33723 (D). Columbus: Qilhee 
(N), New Hanover: Wherry (N). 

Virginia to Florida and Alabama; also in the West Indies and Central and 
South America. 


10. BaCROSTYLIS NUTT. ADDER’S MOUTH 

^ {Malaxie Soland; Achroanthee Raf.) 

Leaf 1, ovate, close-sheathing, spreading about midway up scape, 2-5 cm. long; 
lip green below, 3-lobed at apex, middle lobe smaller than the lateral pair, 

minute; flowers green 1. AT. un{foUa 

Leaves 2, broad-ovate, sheathing scape at base, nearly opposite, 8-10 cm. long; 
lip brownish green above, 3-lobed at apex, lateral lol^a shorter than the broad, 
blunt middle lobe; flowers green with orange or vermilion markings 

2. M, apieata 
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1. Micro$tyUM unifolia (Michx.) BSP. Green adder’s mouth 
{MicroeiyliB ophiogloMoidee Nutt.; Mahsis unifolia (Michx.) BSP,; 

Aehroanthes unifolia (Michx.) Raf.) 

In low moist acid soil and humus. June-August. 

Mountain oountiea: Buncombe: Fore$ter (N); MocElwee (NS); SchaUert (D); 
Williamon (NS); Roinnaon 64 (G); Hall (B). Burke: Heller (P, NS); Small and 
Heller (U). Caldwell: Small and Heller (NS). Cherokee: Correll 3604 (D, 
GHG). Clay: Ooeiing 34500 (D), Henderson: Corren3252,3301A (D); A. B. A, 
(N). Jackson: Correll 3402 (D). Macon: Smith (U). Mitchell: WetKerhy 
(HMD); Correll 3805 (D); Aehe 1327 (NC). Polk: Peattie 1076 (NC). Swain; 
Wrighi eial, 207 (C). Transylvania: House 3640 (G); Ooeting 36115 (D); Correll 
3418 (D). Watauga: Heller (N); Aehe (NC); Rohineon (G); Durand (C); Small 
and Heller (F). Yancey: Leeds 1200 (NS); CorreU 3878 (D). 

Piedmont counties: Durham: BiUinge (D); Correll 4759, 4050 (D). Forsyth: 
Schweinitz (NS). Lee: Totten (NC); Wiigkt et al, 208 (C); Correll 6060 (D). 
Moore: Correll (D). 

Coastal Plain Counties: Beaufort: Blomquist 5951 (D). Bertie: Lay (NC). 
Bladen: Fraeer (N), Johnston: Deane (NC); Mitchell (D). Onslow: A«^ 
(NC). 

Newfoundland to Georgia, west to Manitoba, Louisiana, Wisconsin, and 
Illinois. 

2. Microetylie epicala Liudl. Florida adder’s mouth 
{Malasis spicaia Sw.) 

So far as the writer has been able to determine, no specimen exists 
and no report has been made concerning the occurrence of this orchid 
in North Carolina. Small gives the range from Florida to Virginia, 
where it occurs in the coastal plain. He says the species grows in 'Tow 
or wet hammocks, and stream banks, often in calcareous soil” (20). 
May-July. 


11. LIPARIS L. C. KICK. FALSE TWATBLADE 

Lip oblong-spatulate or obovate, 5 mm. long, about 4 mm. wide, abruptly pointed, 

yellowish green 1. L, Loeeelii 

Lip broadly wedge-ovate, 10 mm. long or more, 7 mm. wide, mucronate, translu- 
cent, madder-purple 2. L. Hliifolia 

1. Liparis Loeeelii (L.) L. C. Rich. Loesel’s Twayblade 
Wet rocky soil and on cliffs in mountain woods, moist thickets and 
swampy soil. May-July. 

Mountain counties: Rutherford: Barkedale (NC, D). 

Maritime Provinces to District of Columbia, also mountains of NorUi Carolina, 
west to Indiana, Wisconsin, and Minnesota. 
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2. Ldparis UUifoUa (L.) L. C. Rich. Lily-leaved twayblade 
Low moist floodplain woods and in thickets along streams, or on 
rocky sandy soil on moist wooded slopes. May-July. 

Mountain counties: Ashe: (NO). Avery: CorreZi S942 (D). Buncombe: 

BtdU (HMD); Harshberger (P); Fotaier (N); Bilimore (N); C<»rTelldS^7 (D). 
Burke: Ooeting 365a (D); CorteU 3915 (D). Caldwell: SmM and HdUr (F). 
Oraham: Correll 3678 (D). Haywood: House 4491 (U); Blomquiat 5949 (D). 
Henderson: Campbell (NC). Jackson: Williamson (NS); Thaxter (U, G). Mc- 
Dowell: LeRoy and Ruger (HMD). Macon: Leeds 1113 (NS); BucHey (N). 
Mitchell: Huger (N); Wotherby 147 (U); Ashe (NC). Swain: Wright eZ oZ. 205 
(C). Transylvania: House 4272 (U). 

Piedmont counties: Durham: Correll 547 (D, GHG). Forsyth: Schweinitz 
(NS); Denke (D). Granville: Correll 470 (D). Orange: Couch (NC); Correll 
310 (D); Mathews (NC). Surry: Rusby (N). 

Maine to Georgia and Alabama, west to Iowa, Missouri, Minnesota, Illinois, 
and Ohio. 


12. CORALLORRHIZA (hALLER) R. BR. CORAL ROOT. 

1. Lip3-lobed. 

2. lip 3-4 mm. long, shallow lateral lobes below middle, middle lobe ovate, 
white, not spotted; spur obsolete 1. C. trifida 

2. Lip 6-8 mm. long, distinctly hastately-lobed near base, middle lobe rounded 

at apex, suborbicular, purple blotches on face; spur rather prominent 

2. C. maculala 

1. Lip not 3-lobed, at most notched, eroded or wavy along margin 

3. Lip 4 mm. long, 5 mm. wide, eroded on the margin, broadly rounded, abruptly 

contracted at the base, white, spotted with magenta-crimson 

3. C. odontorhiza 

3. Lip 5-6 mm. long, 4-5 mm. wide, oval or suborbicular, notched at apex, margin 
entire or denticulate, white with purple spots 4. (7. Wisterxana 

1. CoraUorrhiza trifida Chatelain. Early coral root 
(Corallorrhiza innata R. Br.) 

No specimen of this species from North Carolina has been seen, al- 
though the state is perhaps within its range. Memminger (16) in- 
cluded this species under the name C. CoraUorrhiza (L.) Karst, in his 
list of Henderson County plants, and Curtis (13) catalogued it as C. 
innata R. tfr. He gave its range as upland (mountain) districts. 
May~July. 

Newfoundland and New England to North Carolina (?), west to Alaska, Wash- 
ington, British Columbia, and Oregon. 

2. CoraUorrhiza maculala Raf. Spotted coral root 
(CoraUorrhiza muUiflora Nutt.) 
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In rich decaying humus in upland deciduous woods and along shaded 
stream banks, in slightly acid habitats. July-August. 

Mountain counties: Ashe: Correll 4044 (D). Avery: Rohinaon (G); CorraU 
3950 (D). Buncombe: CorreZ/ et oi. 3850 (D). Burke: CorrcZZ 3897 (D). Hay« 
wood: Standley 5392 (U). Mitchell: Wetherby (HMD). Swain: HuUi (B). 
Watauga: Heller (N). Yancey: CorreU3877 (D). 

Piedmont counties: Forsyth: Lehman (S). 

Newfoundland to Florida, west to Texas, California, and British Columbia. 

3. CoraUorrhiza odordorhiza (Willd.) Nutt. Autumn coral root 
Moderately acid conditions in coniferous or deciduous woods, dry 

or moist soil, on slopes or in floodplain regions. August-October. 

Mountain counties: Avery: Robinson (G). Buncombe: Beals (HMD): BtZf- 
more 305 (U). Burke: Blomquist and Correll 4701 (D). Ha 3 rwood: Standley 
5587a (U). Henderson: Campbell (NC); Shoolbred (N). Jackson: Hager (N); 
WilliaTnson (N, NS). McDowell: Blomquist and Correll 4676 (D, HMD). Madi- 
son: Wherry and Pennell 14260 (NS). Mitchell: Wetherby (HMD). Polk: 
Peatiie 1489 (NC). Swain: Beardslee and Kofoid (N, C, G, F); Hulst (B). Wa- 
tauga: Duremd (C). 

Hedmont counties: Durham: Latham (D); Correll 4739, 4745, 4949, 4650 (D), 
4747 (D, HMD), 7450 (D, GHG), 4755 (D, PCS). Forsyth: Schalleri (S, POS); 
Sehweinitz (NS). Mecklenburg: Cray (WY). Moore: CorreU 6987 (D). Or- 
ange: Totten (NC); Coker (NC); Ward (NC>; Matthews (NC); Barksdale (NC); 
Costing 35629 (D); Correll 4731, 4904, 4741 (D), 4915 (D, A). Polk: Townsend 
(C). Wake: Wells (SC). 

Coastal Plain counties: Beaufort: Blomquist 7956 (D). Richmond: Correll 
7156 (D). Scotland: Correll 7171A (D). 

Maine to Florida, west to Texas and Michigan. 

4. CoraUorrhiza Wisieriana Conrad Wister^s coral root 

On damp rich wood floors and ravine slopes. April-May. 

Coastal Plain counties : Halifax: WiZZtamson (NS). 

Pennsylvania to Florida, west to Texas, Missouri, and Indiana. 

13. TIPULARIA LINDL. CRANE-FLY ORCHID 

1. TipyJaria discolor (Pursh.) Nutt. 

{Tipularia unifolia (Muhl.) BSP.) 

Rich damp woods and along shaded banks of streams, moderately 
acid soil. July-September. 

Mountain counties: Alleghany: Correll 4073 (D). Buncombe: CorreU 8837 
(D, PCS). Burke: Better (F, P, N, NS) ; Blomquist and Correll 4700 (D). Chero- 
kee; Leeds 1162 (NS); Schtseiniiz (NS). Graham: Correll 3669 (D). Haywood: 
Holmes (NC). Henderson: Campbell (NC); Correll 3316 (D); Memminger (NC). 
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Polk; JOay (Da.)> 087 (NC), 1030 (G); Oorrell 3190 (D). Ru^erford: 

BiUnwre 1041a (N); TownBend (U, C). Yaaoey: LeedB 1202 (NB). 

Piedmont counties: Anaon: Corrill 7093 (D)* Burke: Correll SOSOi 8100 (D). 
Caldwell: Randolph 1083 (C). Catawba: Corrdl 2931 (D). Cleveland: Corrtll 
3004 (D). Davie: Blomquist and CorreU 4668 (D), Durham: BUmquUi 5956» 
7584 (D); Oo«/tnF83238 (D); W.B.D. 25 (D); Cwrell 4652 (D, But.), 4749, 4730, 
4960 (D). Forsyth: SchdiUri (POS, N); Schweinitz (NS); Cortell 4095 (D, HMD, 
GHQ, A). Franklin: Ooeh'ny 35623 (D). Gaston: CorrellT^ (D). Granville: 
Corrzll (D). Guilford: Schallert (D). Iredell: Blomquizt and Corf ell 4669 (D). 
McDowell: Blomquiet and Correll ^73 (D). Mecklenburg: Ahhe and Spcdteholz 

(C) ; Correll 3005 (D), Montgomery: Correll 7041 (D). Moore: Correll 7005 

(D) . Orange: Totten (NC); Alexander (NC); Wehb (NC); MilUape (NC); Wal- 
lace (NO); Ooeting 33255 (D); CorreU 4740 (D), 4908 (D, HMD, GHG). Rowan; 
Correll 2^ (D). Rutherford: Correll 3177 (D). Stanly: Small and Heller (N, 
F). Union: Correll 7075 (D), Warren: ^cfcole (NC). 

Coastal Plain counties: Halifax: WilUameon (NS, N); Bartram (NS). Johns- 
ton: Deane (NC). Washington: Blount (NC). 

New Jersey and Delaware to Florida and the Gulf States, west to Ohio and 
Indiana. 


14. EPIDENDRUM L. TREE ORCHIDS 

(Amphiglottis Salisb.) 

1. Epidendrum conopseum R. Br. Green-fly orchid, Florida epidendrum 
(Amphiglottis conopsea (Ait.) Small) 

In swamps and marshy areas, mostly on sweet gum (12) and tupelo 
gum trees; farther south it has been foimd on live oaks, magnolias, 
and rarely upon rocks. July-September. 

Coastal Plain counties: Columbus: Rankin (D, N); Blomquiet and Correll 
4900 (D, HMD, A, GHG, POS). 

North Carolina to Florida, Alabama, and Louisiana. 

15. CALOPOGON R. BR. GRASS-PINK 

' (Limodorum L.) 

1. Flowers white, tinged with purple; middle lobe of lip 5-6 mm. wide, cuneate or 
wedge-shaped; column wings broadly triangular; leaf blades narrowly 

linear 1. C. pallidue 

1. Flowers bri|ht purple, rarely white; middle lobe of lip larger than in the pre- 
ceding species 

2. Middle lobe of lip 9-10 mm. wide, broadly rounded at the base, orbicular; 

column wings nearly hsJf-orbicular; leaf blades narrowly linear 

2. C. parmflorue 

2. Middle lobe of lip about 10 mm. wide, broadly fan-shaped or flaMlate and 
truncate at apex; column wings i*hombic; leaf blades linear, becoming slen- 
der lance-ehaped — 3. C. pulehellue 
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1. C^dopagan paJUdus Chapm. Pale graafiKpink 
(Limoiorum paJUdum (Chapm.) C. Mohr) 

Often found growing with C. pulchettita in savannahs or wet open 
pinelands where intensely to moderately acid conditions exist. May- 
July. 

Coastal Plain counties: Beaufort: Bruee 5N (A); CorreU 1586, 1587 (D). Bla- 
den: Blomquiai and CorreU 2581 (D); CorreU 1243 (D). Columbus: SchaUert 
241 (D, POS). Craven: McCarthy (U); CorreU 1448 (D, HMD, QHG). Duplin: 
Wherry and Trudell (HMD); Mathews (NC); CorreU 1321 (D, A, POS, But.). 
Johnston: Deans (NC). Moore: — (A). New Hanover: Wright (C). Onslow: 
Moldenke 6013 (A). Pender: Wells (NC, SC). Richmond: CorreU 1113 (D). 
Sampson: CorreU 1246 (D). Scotland: CorreU 1174, 1172 (D). 

North Carolina to Florida and Louisiana. 

2. Calopogon parvijlorua Lindl. Bearded calopogon 

{lAmodorum parviflorum (lindl.) Nash; Calopogon barbatus (Walt.) 
Ames) 

In open savannahs, acid meadows, and low pinelands. April~May. 

Coastal Plain counties: Brunswick: Coker (NC); Totten (NC); Fogg 549^ (P); 
Btomquist 5948 (D). Columbus: Schollert (POS, WV). Craven: Leeds 1648 
(NS). Harnett: Totten (NC). New Hanover: Bartram and Long 1106 (NS); 
Williamson (NS); Burke (P); Macfarlane (P); Canby (A, F); Churchill (G). On- 
slow: House 5088 (N). 

North Carolina to Florida, along the coastal plain. 

3. Calopogon pulcheUus (Sw.) R. Br. Grass-pink 
(Limodorum tuberosum L.) 

In acid bogs and meadows, savannahs, and on the edge of open 
woods, strongly to moderately acid soils. May-July. 

Mountain counties: Avery: Ashe (NC). Burke: 8maU and Heller (P, U, F, 
NS); Heller (N); Gray et al, (NS). Graham: Costing 34633 (D). Haywood: 
Costing 34729 (D). Henderson: Wherry (HMD); Shoolbred (N); BiUmore 318d 
(N) ; Campbell (NC) ; Blomquist 5925 (D) ; CorreU 3380 (D). Jackson : Huger (N) ; 
WiUiamson (NS); Costing 35343 (D, MBD). McDowell: House 4808 (U), Ma- 
con: Wilson and Underwood 2694 (T); IFtleon, Underwood^ and Lott 2782 (T); 
Hatbison 16 (G, HMD). Mitchell: Ashe (NC). Transylvania: House ^79 
(U, F, G). Watau^: Ashe (NC). 

Piedmont counties: Anson: CorreU 1036 (D). Catawba: Small and Heller 
(F, N); HeUer (N, G). Forsjrth: SchwexniUt (NS); Sehallert (S). Gaston: Coker 
(NC). Richmond; CorreU 1105 (D). Stokes: Ashe 17 (NC). Wake: Coit 1250 ^ 
<8C). 

Coastal Plain counties: Beaufort: Brues (A); CorreU 1688 (D, POS), 1586A 
(D). Bladen: BUmquxsi and CorreU 2580 (D); CorreU 401 (D). Brunswick: 
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Leeds 1135 (NS). Columbus: SehaUert (FOS» 1>); Hdler (F). Craven: Brown 
27 (U); Shrink (U); Correll 1462 (D). Cumberland: Totien and Harkiton (NC). 
Dare: Correll 1725 (D). Duplin: Wherry and TrudeU (HMD); Chapman (NS); 
Mathews (NC); Correll 1686A (D). Hoke: Correll 1116 (D). Hyde: CorreU 
1759, 1774 (D). Johnston: Deans (NC). Moore: Meriite (L.); Katiensiein (G); 
Wright et al, 243 (C). New Hanover: Biltmore 313a (N) ; Ward (N) ; Bartram (NS) ; 
Wright {C), Pamlico: CnrrelZ 1486 A (D, A, But.). Pender: (NC). Rich- 

mond: Correll 1105 (D). Robeson: Correll 1234 (D). Sampson: Correll 1301 
(D). Scotland: Correll 1173 (D, GHG, HMD, A). Washin^on: Wiegand and 
Manning 801 (C). Wilson: Blomquist 7711 (D). 

Newfoundland and Nova Scotia to Florida, Alabama, Louisiana, and Texas, 
westward to Minnesota and Missouri. 

3a. Calopogon pulchellus /. aUnflorus (Britton) Fernald White grass* 
pink 

The flower in this form is pure white with cream-colored hairs on the 
face of the lip. The plant is smaller than the species. In open savan- 
nahs and moist sphagnum bogs. May-July. 

Coastal Plain Counties: Brunswick: Leeds 1133 (NS). Duplin: Correll 1318 
(D). New Hanover: Wright (C), Robeson: Correll 1234 A (D). 

Distribution similar to that of the species. 

16. HEXALECTRIS RAF. CRBSTEO CORAL ROOT 

1. Hexalectris spicata (Walt.) Barnhart Crested coral root 
(Hexalectris aphylla (Nutt.) Raf.) 

In open rocky woods and rich woods along streams, in moderately 
acid habitats. July-August. 

Mountain counties: Swain: Beardalee and Kofoid (P, A, N, G, WV, F). 
Piedmont counties: Davidson: Totien (NC). Durham: Correll 4651 (D). 
Forsyth: Schweinitz Schalleri (POS); CorreW 4078 (D). Orange: Alexander 
(NC) ; Blair and Totten (NC). Rowan : Small and Heller (F). Stanly: Small and 
Heller (N). 

Coastal Plain counties: Johnston: Deans (NC). New Hanover: Wood (U). 
Maryland to Florida and the Gulf States, west to Texas, Arizona, Missouri, 
and Indiana. 


^ 17. APLECTRUM (NUTT.) TORR. PUTTY ROOT 

1. Aplectrum hyemale (Muhl.) Torr. Putty root 
(Apkctrum apicatum (Walt.) BSP.) 

In mucky, wet soil in wooded floodplains, or in rich low moist woods, 
neutral to slightly acid soils. May-July. 

I 

Mountain counties: Buncombe: Biltmore 1287 (N). Polk: Schiele (NC). 
Yancey: Biltmore 1287 (N). 
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Piedmont oountief: Catawba: CorreU 2930 (D). Durham: Corr^U 5018 (D). 
Forsyth: SchaUert (POS); SchweiniU (NS); Denke (8); Lehman (D); CorreU and 
Butte 5026 (D); CorreU 4096 (D). Guilford: Sehallert (D). Orange: Totten 
(NC); Womack (NO); Blomquiet 59^ (D); CorreU 5010 (D). 

Ontario and Vermont to Georgia, west to California and Saskatchewan. 

18. EULOPHIA R. BR. 

(Triorchoa Small and Nash) 

1. Eulophia ecristata (Fernald) Ames 
{Triorchos ecrislatue (Femald) Small) 

Pinelands and scrubs, open rocky soil, rather dry. August. 

Coastal Plain counties: New Hanover: Williameon (NS). 

Other collections: '^Mountains of North Carolina, August 1892*’: Williamson 
(F). ''North Carolina, 1889": McCarthy (N). 

Florida and North Carolina. 

Department op Botany, 

Duke University, 

Durham, N. C. 
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EXPLANATION OF PLATE 15 

Fig, 1. lip of SpirantheB ovalU, X 4. 

Fig. 3. lip, petals, and sepals of Spiranthea Beckii. X 4. 

Fig. 3. lip, petals, and sepals of Spiranihea Jhridanum. X 4. 

Fig. 4. lip, petals, and sepals of SpirantheB gracilxB, X 4. 

Fig. 5. Lip, petals, and sepals of Bpiranthee longilabrie. X 2. 

Fig. 6. tip, petals, and sepals of Spiremthee praecox. X 2. 

Fig. 7. lip, petals, and sepals of SpiratUhee vemalU X 2 
Fig. 8. Lip, petals, and sepals of Spiranihea odorata, X 8. 

Fig. 9* lip, petals, and sepals of Spiranthea eemua. X 2. 





STUDIES IN THE LIFE HISTORY OF NITELLA HYALINA 

AOARDH 

By Laubib M. Stbwart 
Platbs 16-19 AND Onb Tbxt Fiourb 

INTRODUCTION 

Due to their unique structure and reproductive cycle, the Charales 
have for many years aroused the interest of botanists and other men 
of science, and for the same reasons have caused much disagreement as 
to their probable phylogenetic position. Accordingly, the group has 
at one tinw or other, been placed in every phylum cd the plant king- 
dom (25). The generally accepted idea at present is that they are a 
very highly specialised off-shoot of the Chlorophyceae. 

Adequate reviews of the work done on the classification of the group 
are presented by Allen (2) and Robinson (25). Karling (17) has quite 
thoroughly summarised the important cytological contributions made 
toward a better understanding of the Charales. References to prac- 
tically all the important papers that have been written on any phase 
of the subject are to be found compiled by Fritsch (10) in his hteratuie 
of the Charales. 

It is apparent that most of the work has been done on the single genus 
Chora, wMle the genus Nitelia has been somewhat n^ected (17). The 
purpose of the present paper is to study as completely as possible the 
life cycle of a angle species of NiUUa, in order (1) to check the develop- 
ment of the r^roductive organs against that described by previous 
investigators for the Charales, (2) to secure a chromosome count for 
the species, and (3) to determine if possible, where reduction division 
takes place in this species. 

DBSCRIPnON OF THB PI^ANT 

The following description of the plant is based wholly on material 
grown in an aquarium as deaeribed under "Materials and Metitiods’’ 
<A the present piqwr. Ihe determination of the speeies as iV. hj/eiino 
was made by following the key in The Br&iih Ckcaroj^ti/fa, Vol. I, by 
Oovea and BuUock-Wdxtw (14). Up to ^ present time tim writer 

m 
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has foimd no record of the collection of this species in North America, 
although Groves and Bullock-Webster state (without reference to 
author or locality) that it has been found in this country. Nitella 
hycdina is not listed in Alienas Characeae of America, 

Nitella hyalina Agardh 

Plants homothallic, 10 to 27 or even 30 cm. long, ascending from 
clumps in a somewhat upright, more or less flexible or curving manner 
(Text fig. 1) . Stems 260-290/u in thickness ; lower intemodes elongated, 
upper ones increasingly shorter, usually with denser verticils. A very 
distinctive feature is the presence of a smaller whorl or verticil within 
the larger primary verticil, the former usually containing twice the 
number of laterals of limited growth as the latter (Plate 16). 

Primary verticils consist most often of 8 laterals which are typically 
3-times divided, though 4th divisions are sometimes found. The basal 
nodes of the laterals are cut off close to the nodal cells of the main axis 
or stem, and from these arise the laterals of the smaller whorl. The 
second node of each lateral produces 6 (6-8) leaflet rays which fre- 
quently cut off a node and form 5-6 rays, each terminated by a mucro. 
Sometimes several of these leaf rays produce still another node and a 
whorl of from 3-6 rays. The mucros are usually 32-43 m broad by 
72-74 m long (Plate 19, fig. 2). 

Whorls of secondary laterals (Plate 16) numbering from 8-16, usu- 
ally 16, are frequently found at each stem node. These laterals are 
usually from J to § the length of the primary laterals and consist of 
either an undivided or a once-divided leaf, always terminated by a 
mucro. The divided laterals bear organs of both sexes. 

Antheridia and oogonia are borne at the nodes, and all nodes except 
the basal ones have been found fertile. Antheridia 200-300/1 in diame- 
ter; pale yellow-green when young, changing through yellow-orange to 
red-orange when mature. Terminating all divisions of the leaf except 
the ultimate rays. Always borne singly. 

Oogonia single (rarely 2) at every node except the basal one. Entire 
oogoniiun 61f6-590M long by 338~410/i thick. Mature oospore 249- 
290/1 ; wall deep reddish-brown when mature; surface minutely pitted; 
ridges prominent, 7-8. 

The University Lake species differs from the Nitella hyalina as de- 
scribed by Groves and Bullock-Webster chiefly in having shorter 
mucros and smaller antheridia. 'These slight variations do not seem 
sufficient to warrant the giving of any form name to the Lake species. 
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A study of Allen’s key (2) reveals the fact that similar variations fre« 
quently occur in many species of NileUa. 

MATERIALS AND METHODS 

Living plants for the present study were collected from University 
Lake^ Chapel Hill, N, C., and planted in a south window aquarium in 
which a previous culture of the same plant had been growing since 
January 1936. The cultures were in direct sunlight till about noon 
each day, and the room was usually warm both day and night. 

At the time of collection the new material was not in fruit, and 
the plants did not assume a healthy appearance until November. 
During the cloudy days of December 1936 and January 1937, artificial 
light was used almost conjtantly for about three weeks. By the 
middle of January the plants were observed to be fruiting sparingly, 
and a month later nearly all the verticils were thick with fruit. 

Material of all stages was fixed in Flemming’s weak and Nawaschin’s 
fluids and followed by Heidenhain’s haematoxylin or Gram’s modified 
stain. Sectioned material did not prove to be very satisfactory. 
Whole material stained by the Feulgen technic and teased out on the 
slide before mounting gave excellent results and this method was 
used almost exclusively for permanent mounts. The improved Feulgen 
technic as given by Tomasi (28) was followed with only slight modifi- 
cations. The fixative used was prepared as follows: to 50 cc. of 6% 
aqueous HgCh was added 1 cc. of glacial acetic acid, and the mixture 
heated to boiling, removed from the flame, and when bubbling ceased, 
was poured over the fresh material. After treatment in the fixative 
for 15 minutes, the material was washed for an hour in running water, 
then hydrolyzed for 4 minutes in a normal solution of HCl at 58®C. 
and finally stained for 3 hours. 

Temporary mounts of antheridial filaments were made with iron- 
aceto-carmine as suggested by Karling (17) and studied for stages in 
antheridial development. Living material was also studied after 
staining with congo red, which rendered the walls, cytoplasm and nuclei 
quite visible without causing death before 7~9 hours. Methyl-violet 
and fuchsin killed, but very clearly and quickly stained the walls, c3rto- 
plasm and especially the nuclei. This stain was also used for studying 
the flagella of the sperm while in the mother cells and after escape. 

VEGETATIVE STRUCTURE 

The cell wall of the plant is quite rigid and not easily punctured 
because of the slippery surface which may be due to the presence of a 
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gelatinous substance (10). The wall stains well with methyl^-Tiolet 
and fuchsin. While apparently smooth on the outside^ the wail has 
irregular thickenings on the inner surface, which show up plainly in 
sectioned material stained by the Feulgen technic. The single layer of 
oval chloroplasts are found in practically every cell of the plant. They 
are embedded in the peripheral layer of the parietal cytoplasm, and 
show clearly through the hyaline cell wall (Plate 19, fig. 2). In the 
elongated intemodal cells they are arranged in fairly regular rows more 
or less parallel with the long axis of the stem; in the tip ceils the scat- 
tered chloroplasts are pale green for a short time, but soon become color- 
less. The plastids of the manubria (Plate 17, fig. 15) ar6 also arranged 
in broken lines and are pale yellow. 

Just beneath the peripheral cytoplasm is the stream of rotating c3rto- 
plasm (Plate 19, fig. 3). Small and large granules move along in the 
stream, with much larger masses which are the nuclei. Some of these 
masses are partially constricted in the middle, due to the fact that the 
nuclei are in the process of amitotic division (Plate 19, fig. 12). 

Streaming of the cytoplasm in the plant under observation has been 
seen in the following cells: all nodal cells, intemodal cells, when fairly 
mature, basal and stalk cells of oogonia and antheridia, spiral sheath 
cells of the oogonia, rhizoids, and tip cells of the leaflets.*^ The smaller 
particles move more rapidly than the nuclei, which slow up noticeably 
when making the turn at either end of the cell. In the nodal cells of 
the stem, the chloroplasts, which are rounder and larger than those 
of the intemodes, move around in the cytoplasm of the cell. In other 
parts, the chloroplasts are stationary. A verticil cut from a plant 
December 2, 1936, and kept in a petri dish of water by a north window, 
still shows actively flowing cytoplasm at the present writing, a period 
of about six months. 


VEGETATIVE BEPRODUCTION 

Many of the Characeae reproduce by vegetative means (10). New 
axes of growth arise from secondary protonema, from the nodes of 
buried stem^ or broken verticils, and from, tuber-like growths and 
bulbils (21). Pieces of old plants foimd detached in the grass and mud 
a few inches Under water in University Lake, April 3, 1937, showed new 
stems growing from old nodes, and rhizoids coming from the same 
nodes with the stems. Rhizoids seem to be capable of appearing 

I 

* The laterals of limited growth are commonly called ^'leaves,’* and their 
ultimate divisions, leaflets.*’ 
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at any node that is under mud. One instance was observed in whieh 
starch had accumulated in quantity at a verticil node, and from these 
cells ihisoids had grown out. When left in water and open to the iiid^t 
for about two weeks, the first sections of the rfaizoids showed typcal 
stationary chloropiasts, as in the intemodes. 

DEVELOPMXNT OF THE ANTHERlOnTM 

Antheridia have been found at every node of the leaf except the basal 
node. A study of very young verticils reveals the fact that the antheri- 
dial initial stages occur quite early in the development of the laterals. 
The antheridia are terminal on the intemodal cells of the leaves. The 
apical cell of an antheridium cuts off one basal cell (Plate 17, fig. 1), 
then assumes a spherical shape. The first two divisions of this apicid 
cell are vertical (Plate 17, fig. 3) and at right angles to each other, mak> 
ing four cells. The third division is in a horizontal plane, and results 
in the eight-celled stage (Plate 17, fig. 4). Now, each of the eight cells 
divides by two periclinal walls (Plate 17, fig. 5), into a series of three 
cells, forming a total of twenty-four cells from the orighal apical cell. 
About this time, a second basal cell is cut off at the base of the first 
one. The twenty-four cells are arranged in the form of three con- 
centric spheres. The eight ceils of the outer sphere do not divide again, 
but form the shell of shield cells within, which are other sixteen cells. 
The shield cells have interlocked edges (Plate 17, fig. 7). The eight 
cells of the inner sphere elongate radially and without further division 
become the eight cylindrical manubria (Plate 17, fig. 6). Each manu- 
brium is attached distally to a shield cell and proximally to one of the 
eight innermost cells, the capitula. Each capituium divides one or 
more times to form secondary and even tertiary capitula (18), and 
from these cells arise the initial cells of the spermatogenous filaments. 
By repeated division of cells throuidiout thdr length, the filaments 
become greatly elongated until they form a tanglj^ mass of threads 
that completely fills the hollow sphere boimded by the shield cells. In 
the early stages the shield cells are sparsely filled with granules that are 
at first colorless, but which soon become pale yellow. As the anthe- 
ridium approaches maturity, the granules turn red, so that the ripe 
male organ is a bright red-orange ball. The manubria also contain a 
few granules; the capitula sometimes have a few, but the fihunent 
cells are always free from chromoplasts. Rotation of cytoplasm has 
been observed only in the stalk and basal cells of the antheridium. 

The development of the sperm has been ratiier thoroui^hly investip 
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gated by BelajefF (10), Lindenbein (20), Motti«r (22), Welthera ^1), 
and others, with lesolting difEerenoes of opihion on certain pants, 
notaUy, the origin of the flagella. Briefly, from my own observations, 
the development of the sperm appears to be as follows: the very young 
cells of the filaments are somewhat rounded and plump, and filled 
nearly to the walls by their single nuclei (Plate 17, fig. 8). Successive 
divisions of these cells (Plate 17, fig. 9) cause increase in the length of 
the filaments and the resulting cells are narrower and the nuclei are 
much less spherical than in the original cells (Plate 17, fig. 10). The 
final divisions give rise to thin discoid cells (Plate 17, fig. 11), the sperm 
mother cells proper. Each sperm mother cell has A single nucleus 
and gives rise to a single bi-flagellate sperm. The writer has not made 
a special study of the origin of the flagella. Stages in the NiteUa hya- 
lina under observation have been found repeatedly showing the mother 
cell nucleus shifting to one side of the cell, becoming very flat and dis- 
coid, then thinning in the middle and assuming an incomplete band 
formation (Plate 17, fig. 11). The further lengthening of the nucleus 
results in the formation of a long spiral with a pointed anterior end and 
a blunt posterior end. The two flagella seem to be attached a short 
distance from the anterior end. By staining with methyl-violet and 
fuchsin, the flagella can be clearly seen when the nuclei are becoming 
band-shaped, and have the appearance of fine wire coiled about the 
sperm body (Plate 17, fig. 12). 

The method in which the antherozoids of the Characeae escape from 
the cells of the filaments seems to be in dispute. Fritsch (10) states 
that the sperm are liberated “by the falling apart of the shields of the 
antheridial wall and the subsequent gelatinisation of the walls of the 
mother-cells." It is not clear as to whether he means the softening of 
a part of the wall in certain restricted areas or the disintegration of 
the entire cellular structure. Rose (26) gives a different view in stat- 
ing that "the mother cells are perforated for the passage of the bodies, 
the cell walls persisting, in contradiction to the other Cryptogams 
where the release of the antherozoids is effected by the diseolviion of 
the cell waH.” Groves and Bullock-Webster (14) quote M. Leon Guig- 
nard as saying that the sperm, when fully mature, burst from their cells 
and swim about in the water. Although the escape of living sperm 
has not been observed during the present study, two instances have 
been found in which the entire sperm body appeared to be still within 
the cell wall (Plate 17, fig. 13),' while the flagella were free from the 
waU and whipping about vigorously in the surrounding water. In 
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several other instanoes, strands of onpty cells have been observed 
with now and then a motionless sperm apparently held by its posterior 
end in the cell, but otherwise free and with the flagella in normal pod- 
tion. After repeated observations, the writer is inclined to favor the 
ezidanation of Rose, that the ceils are perforated for the escape of the 
sperm. Such a conclusion seems justifiable by the facts that the empty 
(^Is maintain their original shape, rise, and oontinwty of wall long 
after the sperm have escaped, and that staining of the empty cell walls 
reveals no obvious breaks. The same observations also nudce it im- 
possible for the writer to accept the gelatinisation theory as here inter- 
preted. 

The free sperm are very long (Plate 17, %. 14), and have quite long 
flagella. The sperm body measures 72m. 

DEVELOPMENT OF THE OOGONIUM 

Various names have been applied to the female organ and its compo- 
nent cells. Allen (2) introduces the term sporophydium to include all 
the cells of the female organ, namely, the basal, nodal, sheath, and egg 
cells. He uses the term oospore to mean the fertilized egg with its 
dense cytoplasm full of starch and oil. The sheath cells he calls the 
aporostegium or spore-capsule. The spore is the cell which gives rise to 
the egg and the one to three little cells at its base, Braun’s famous 
“Wendungszellen.” Fritsch uses the term oogonium to signify the up- 
permost cell in the row of three that forms the initial stages of the fe- 
male organ. This ceil later cuts off one cell in Chora and three cells 
in NiteUa, the aforementioned ‘‘Wendungszellen.” Thus, Fritsch’s tenu 
includes the egg and the cut-off cells. He uses no term to include all 
the cells that arise from the initial cell of the fenoale organ. The word 
oogonium is here used to mean the same thing that is meant by Allen’s 
sporophydium. The cell called the oogonium by Fritsch and others 
is the primary oocyte of Tuttle (30), who calls the entire organ the oogon- 
ium. In the present study, the terms primary oocyte and oogonium 
will be used in the manner that Tuttle has adopted. 

Although the development of the oogonium in NittUa kyalina from 
University Lake is largely in accordance with that given by Fritsch 
and others, for other species of NiteUa and Chora, several deviations do 
occur, which if not of great significance, are non-the-less interesting. < 
A brief account of this development follows. 

The oogonial initial is homologous with the apical cell of any leaflet 
in the wbori. By transverse division of the initial cell, a row of four 
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eelte is out off (Plate 18, fig. 1). The aifical cell is the {oiiaary ooeirte, 
supported by the nodal cell, beneath which are the two basal edls. 
The node soon cuts off five peripheral cells, the sheath prunordia, so 
that a disk of six cells is formed between the oocsrte and the basal 
cells (Plate 18, fig. 4). Sachs (27) and Fritsch figure only one basal 
cell, but in the species studied, the writer has consistentiy found two 
basal cells. Even before the origin of any sheath primordia, the oocyte 
begins to cut off the first of the three cells (Plate 18, fig. 2). The first 
cell is stated by Fritsch to be cut off by a wall that is more or less 
vertical to the base of the oocyte, but in every case observed in the spe- 
cies studied, the wall is curved at a definite 45** angle with the long axis 
of the row of primary cells (Plate 18, fig. 2). It is alwa 3 r 8 cut off on 
the adaxial side. This cell corresponds to the first polocyte of Tuttle 
(29), but since the chromosome counts m the vegetative and reproduc- 
tive cells in NtteUa hycUina do not bear out Tuttle’s contention that re- 
duction of chromosome number occurs during the first division of the 
oocyte, the term ‘polocyte cannot be correctly applied to the cell in this 
species. A second cell is soon cut off from the oocyte, oftentimes be- 
fore the sheath primordia have become at all elongated (Plate 18, fig. 
3). The wall of the second cell slopes obliquely away from the middle 
wall of the first cell, and is not vertical as stated by Fritsch and others 
(Plate 18, fig. 4). The third cell is cut off from the oocyte sometime 
later than the first two, after the sheath cells have become about 
twice the length of the oocyte, and the coronal cells have been formed. 
The wall of the third cell is definitely horizontal, and the cell lies at the 
base of the oosphere, and touches the wall of the second little cell (Plate 
18, fig. 6). 

After the three cells are cut off, the oosphere, which has already be- 
come quite large, elongates rapidly and increases in size, pushing past 
the three little cells, and causing them to bulge out like blisters toward 
its lower side (Plate 18, 7). Although these three cells appear to 

have definite walls separating them from each other and from the 
oosphere, they are still within the original wall of the primary oocsrte. 
Tuttle (20) states that in his plant the three cells are not cut off by 
successive divisions of the primary oocyte, but that the first cdl cut 
off migrates toward the base and on its way divides to form two polar 
bodies, during the time the oocyte nucleus is cutting off a second cell. 
Groves and Bullock-Webster (14) state on pages 52--53, vol. I of their 
BriUeh Charophyta, that “at the base of the oc^onium of the Nitellae 
are found three anall cells called by Braun ‘turning cells’ (Wmdungs- 
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selleo). The formation of the fimt of these cells originates at the apex 
whence it makes its way downwards (as Goets shows in a series of 
illustrations) and finally divides into three cells at the base of the 
oosphere/* These authors have apparently misquoted Gk)ets, who 
does not say that the first cell divides to form three cells, but rather 
{fiainly indicates that they are formed by the successive divisions of 
the large central cell (13, p. 3). In the present study, mitotic figures 
have been found which tend to show that these divisions are successive, 
and not as described by Tuttle or Groves and Bullock-Webster. 
Braun’s term ^^WendungBsellen” cannot be applied to these cells in the 
present study if it be interpreted as meaning ^‘wandering cells” or 
even “turning cells,” for the following reason: the first of the three 
cells is cut off at the apex of the oocyte, and assumes a lateral and 
finally a basal position simply due to the fact that it is pushed aside 
by the growing oosphere. All three cells are really fixed in position 
throughout their history, and the movement toward the base is only 
relative. Similar observations were made in 1929 on Nitella halracho- 
sperma by Walthers (31). The above conclusions, however, were ar- 
rived at before the writer had seen Walthers’ paper. 

After the three cells are cut off, the oosphere elongates until it be- 
comes finger-shaped, and the sheath cells spiral tightly around it so 
that the young oogonium is for a short time of nearly uniform diameter 
throughout its length. Later, the oosphere becomes more oi: less 
spherical and the spirals more nearly horizontal. The coronal cells are 
at this stage set close to the oosphere. In connection with the origin 
of the coronal cells, a mitotic figure was found which shows the lower 
tier being cut off from the basal cell (Plate 18, fig. 12), which method 
is also true for NiteUa batrachosperTna as shown by Walthers (31). 
Bullock-Webster and Groves state that in the Nitellae, the lower tier 
is cut off from the upper one. 

When the oosphere is ready for fertilization, the upper ends of the 
sheath cells elongate and form a chamber above the apex of the 
oosphere. Swelling of the elongating portions a short distance below 
the crown, divides the chamber into two hour-glass compartments, the 
upper being very small and connected with the larger lower one by a 
narrow channel. The slight separating of the five sheath cells just 
beneath the crown forms five slits for the entrance of the sperm (Plate 
18, fig. 8). The receptive spot is at the apex of the oosphere. An- 
theridia with opening shields are usually found at the same nodes with 
oogonk ready for fertilization, and nearly all the organs of both sexes 
on nodes of the same age mature at the same time. 
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The process of germination has been very carefully ’mxked out by 
Nordstedt, whose investigations were later reviewed attd enlarged upon 
by the studies of de Bary (2). Althoxi^ attempts to germinate the 
oosphetes of the plant from the Lake have been so far unsuccessful, 
the oospheies have germinated in the aquarium. On January 9, 
1936, a few plants from an old aquarium were put into a new aquathim. 
The plants were fruiting at the time of transplanting. About the mid- 
dle of February, 1936, an irregular ring of young plants was noticed 
around the old clump. One of these was carefully taken up and found 
to have the old spore case still clinging to the base of the shoots, and 
in the upper verticils were found nearly mature antheridia and oogonia. 
The young plants were from 6-B inches high. Other instances of germi- 
nation have been found during the present spring. Plants from a previ- 
ous collection were discarded from an aquarium, and the sand scraped 
off and replaced by fresh; new material from the Lake was transplanted 
October 17, 1936 This new material was not fruiting at the time of 
collection. The plants were again removed December 11, 1936, to 
another aquarium with an entire change of sand and water in which no 
plants had been growing Fruit began to appear about the middle 
of January, 1937, and about a month later was abundant. About the 
first of March, mature antheridia were found with open shields, and on 
the same nodes were oogonia with elongated sheath cells. Black 
oospores were first seen about the 6th of April, and young plants 20 
mm. in length were pulled up April 19th and found to be growing from 
oospore cases (Plate 19, fig. 4). It seems that it may be safely assumed 
that the young plants came up from oospores maturing since the 
middle of January, since it is not very likely that oospores maturing in 
the summer of 1936 would still be found in the scant soil around the 
rhizoids of the Lake material, especially after two separate transplant- 
ings. The protonemal threads of these new plants were found to be 
two-jointed, and lined with chloroplasts as are the intemodes (Plate 
19, fig. 4)^ 

STunr ov thb mttclex 

Tlxe nuclei of Nttella hyalina present a wide range of rises, riiapes 
and positions that is 4uite interesting. A brief discussion of the sev- 
eral types follows; 

Nudei intemodal and edl$. The nuclri of very young ceUs 
are usually sf^erical and centrally placed. The crils are hifl^y vacuo- 
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late and no sign of rotating cytoplasm is seen in the early stages. Later 
the vacuoles unite to form one large central vacuole around which 
the free cytoplasm rotates, carrying with it the one or more nuclei. 
The leaf and internodal cells are at first all uninucleate (Plate 19, fig. 1), 
but later become multinucleate by fragmentation or amitosis. The 
resulting nuclei are very small and more or less oval in shape, and not 
densely granular (Plate 19, fig 2). All the nuclei movo close to the walls 
(Plate 19, figs 18 and 2). 



Text-Fi(. 1 


Nurln of tip and nodal cells. Each tip cell (mu(*ro) has only one 
nucleus (Plate 19, fig 1), which is 7^ in diameter in fixed material, 
spluTical and d(*nsely granular. It takes a deep stain uhen treated 
\\ith F('ulgen. The* slo\^ moveanent of the cytoplasm in the cell does 
not appreciably affect its position; it is usually basal. 

The nodal cells are also uninucleate (Plate 19, fig. 10). The nucleus 
is centrally placed and is spherical and stains deeply with Feulgen, as 
do the tip cell nuclei. 

Nuclei of the oogoma. A iK^arly mature oogonium stained by the 
F(nilg(*n technic and mounted whole presents a very striking figure. 
The cells are faintly outlined in yellow, but only the nuclei take the 





184 


Journal of the Mitchell Society 


[J uly 


bright red stain. Near the base are the three large round nuclei in a 
row, the two basal and one nodal nuclei. Three smaller dots in a 
crescent at the base of the egg belong to the three' little cc'lls cut off by 
the oo(*yte. At the apical end of the oogonium are ten dark red dots, 
the coronal cell nuclei, and spiralling around the' oe)si)e)re are' five' long 
ribbons; these five threads have been called nuclei by the writer, afte'r 
numerous eibservations on their development in both living and slaine'd 
mate'rial. No references nor illustrations have been found in the litera- 
ture concerning the nature of the nuclei in th(' sheath (*ells, with the 
exc('ptiou of one figure 13b by Walthers (31) which shows a decidedly 
oval nucleus in a sheath cell which is just beginning to s])iral. Bullo(*k- 
Webster and Groves state that the cytoplasm in th(' sheath c('lls of 
mature oogonia maintain the form of coils and can be unwound and 
laid out in separate strands with the integument. After many obsc'r- 
vations, the writer is still inclined to believe that the (*oils win(*h show^ 
up so clearly with Feulgen in Niuila hyolina an' true nuck'i, and not 
cytoplasmic strands. It does not seem likely that th(' cytoplasm in the* 
sheath cells would stain at the same time that the (*ytoplasm in (‘\ ery 
other cell remains colorless. Cross-sections of lu'arly matun* oogonia 
that have been previously stained with F('ulg('n, show' th(' sheath (*('lls 
as rings tangent to the circle of the ('gg. In many of tlu'se rings is 
found a round, granular, Feulgen-stained body of tlu' same diam(‘t('r 
and structure as the ribbons in the spiral ceils j)n'viously m(*ntioned. 
This body is u.sually embedded in a granular substance' wiiieii is light 
yellow in color and gives the same appe'arance as cytoplasm in other 
cells of the plant (Plate 18, fig. 8a). Also, under othc'r staining ])roc- 
esses, the cytoplasm is not found in bands in the cells of the shc'ath. 
The development of these sheath cell nuclei is as follows: eaeii primor- 
dium has a single, spherical nucleus which is central in position (Plat(‘ 
18, fig. 9). After the primordium has cut off two coronal cells, the 
lower of the three cells in the thread elongates and begins to spiral, and 
its nucleus also elongates and spirals with it (Plate 18, fig. 10). As this 
process of elongation continues, the sheath cell becouK's \^('ry long, and 
the nucleds finally extends from the base of the' (‘('11 to within I the 
distance from the tip of the conmal cells (Plate 18, fig. 11). Nuck'i in 
the sheaths of mature oogonia measure 7y by 600/4. Incidentally, 
these measurements also represent the range in length of th(' nuck'i 
found throughout the plant body, from th(' 7y dianu'tc'r tip cell nuck'i 
to the 600/4 sheath cell nuclei. 
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cHBotcesom count 

C%ur6motetne counts were attempted in the following cells: sheath 
primordia, coronal cells, wtheridial filament ceUs, the 2nd utd 3rd 
division stages of the oocyte, and a nodal cell. In all instances, as wdl 
as could be determined, the chromosome n umb er seemed to be from 
12*-14 (Plate 19, figs. 7-9). If the counts have been accurately made, 
the results of tUs study do not substantiate the contentions of Tuttle 
for his charophyte, that reduction occurs during gametogenesis; on the 
other hand, they are in accordance with the findings of DebsM, linden- 
b^, Oehlkers and others, that no reduction of chromosome number 
is found during gametogeneas. 
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SUMMARY 

The life history of a species of NiteUa has been followed out as fully 
as possible under the circumstances, with the following results: 

1. The plant has been determined as NiteUa hyalina Agardh. As 

far as known, this is the first record of its collection in North 
America by an American collector. 

2. A detailed description of the species is given. 

3. A short description of the vegetative structure of the plant is 

presented in which are described the rotating nuclei of inter- 
nodes and laterals. 

4. Examines of vegetative reproduction are g^ven. 

5. lu connection with the development of the antheridium: 

(a) The ^ical cell is found to cut off only one basal cell at the 

beginning of the development, but later a second cdl is 
cut off from the first, about the time of the 24-oelled 
stage. 

(b) A l»ief description of development of the antheroacRds is 

presented. 
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(c) The sperm are thought to escape by the perforation rather 
than by the gelatinisation of the mother cell walls. 

6. In connection with the development of the oogonium: 

(a) Several terms that have been given different meanings by 

Braun, Allen, Tuttle, Sachs, and othera are defined and 
their interpretations as employed in the present paper 
set forth. 

(b) An attempt is made to produce evidence that the three 

cells of the oocyte are cut off by successive divisions. 
This is contradictory to the findings of Tuttle in his 
investigations of a Charlottesville charophyte. 

(c) The statement is made that the use of Braun’s term 

‘'Wendungssellen” as meaning “wandering cells” or 
“turning cells” is not applicable to the species under 
observation, since the cells do not migrate from their 
original position, but merely appear to do so, being 
pushed aside by the growing oosphere. 

(d) The number of stalk cells is found to be two instead of 

one as is usually stated for other species of Nitella and 
Chara. 

(e) The first two divisions of the oocyte are shown to be 

more nearly oblique than vertical as is stated for other 
species of the Charales. 

(f) A mitotic figure is presented to show that the lower tier 

of coronal cells is cut off from the sheath cell rather 
than from the first tier, as stated by Groves and Bullock- 
Webster. 

7. A young plant bearing fruit and still attached to its oospore 

shell was found in a new aquarium about a month and a 
half after the first fruit was formed, seeming to indicate that 
the new zygote germinated without a previous long rest 
period. 

8. A comparative study was made of the different types of nuclei 

* found in different cells of the plant, revealing a wide range 
in shape, position, density, and in size from 7-600 m. 

9. A study of the deeply staining strands in the sheath cells was 

undertaken’, and the conclusion reached that they are the 
nuclei of the cells and not bands of cytoplasm as thought 
by Groves and Bullock-Webster. 

10. Chromosome counts were made for the following cells: sheath. 
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aatheridiai filament^ coronal, 2nd and 3rd divimons of tho 
oocyte. In each case, as well as could be determined, the 
number of chromosomes was found to be from 12 to 14. 
The results of this study do not substantiate the conten- 
tions of Tuttle for his charoph 3 rte, but are in accordance 
with the findings of Debski, lindenbein, Oehlkers, and 
others that no reduction of chromosome number is found 
during gamotogenesis. 

Ths Univsbsitt of Nobth Cabolika, 

Chapbl Hill, N. C. 
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PLATE 16 

Photoqbaph of Sbction or Plakt Showiko Habxt and Sbx Obgans 

. PLATE 17 

Staobs xk tbb DbvbxiOfmbkt of tbb AjrrHXfunitm 
Fig. 1. Very early stage showing apical cell (a.c.) and first basal cell (f.b^o.) 
^ xiiting on nodal cell of the leaf. X244. 
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lAter stage in which a leaf primordium (Lp.) has been out off from the 
node odl (n«o.). Note that the watheridiiim still has only one basal cell. 
Lowest cell in this row is a young intemodal cell (i,c.)- Note also that the 
cytoplasm of this cell is quite vacuolate. X244. 

Fig. 3. Still later stage, showing first vertical division of the apical cell, appear* 
ance of a leaf tip (l.t.) on one of the leaves, and of chloroplasts in the 
intemode below the node. X244. 

Fig, 4. Octant stage produced by the transverse division. X244. 

Fig. 5. The 24*celled stage, also showing the appearance of the second basal cell 
(s.b.c.), just above the node. X244. 

Fig. 6. Section view of whole mount antheridium stained by the Feulgen technic, 
showing four shield cells with nuclei, four manubria with capitula and 
young filament nuclei. X36. 

Fig. 7. Mature antheridium, showing infoldings of shield cells. X65. 

Figs. 8 to 14 are figures from the development of the sperm. All X480. 

Fig. 8. Very young filament cells with their nuclei. 

Fig. 9. Late anaphase in two adjacent filament cells in the formation of four new 
consecutive cells. 

Fig. 10. Sperm mother cell nuclei. 

Fig. 11. Elongation of mother cell nuclei into incomplete bands. Note flagella. 

Fig. 12. Nearly mature sperm with flagella clearly seen. 

Fig. 13. Sperm body apparently within cell, with one flagellum free. 

Fig. 14. Matme sperm. 

Fig. 18. Manubrium with its single nucleus. X409. 

Fig. 16. Showing normal attachment of filaments to the secondary capitula (s.c.). 
X409, 

Fig. 17. Capitulum with five filaments attached. X409. 

Fig. 18. A sketch to show the unusual attachment of filaments directly to the 
primary capittilum (p.c.). X409. 

PLATE 18 

Staobs in thb Dbvelophbnt of thb Oooonittm 

Fig. 1. Initial row, showing in order from apex to base, (1) apical cell (a.c.) or 
primary oocyte, (2) nodal cell (n.c.), (3) and (4), two basal cells (f.b.c. «» 
first basal cell; s.b.c. second basal cell). X244. 

Fig. 2. Cutting off of first (1) of three little cells by primary oocyte. Also, ap- 
pearance of a sheath primordium (s.p.) from the node. X244. 

IFlg. 3. Stage showing anaphase in division of the oocyte nucleus to form the 
second little cell, whose nucleus will be formed from the basal group of 
chromosomes. X244. 

Fig. 4. Later stage, showing completion of the division in fig. 3, and the appear- 
ance of other sheath primordia. X244. 

Fig. 5. Much later stage showing the third mitotic division of the oocyte forming 
the third cell (3) (basal chromosome group) and egg or oosphm (upper * 
chromosome group). X244. 

Fig. 6. Completion of divisions in the formation of the three little cells (1, 2, 3). 
Partial face view. X244. 

Fig. 7, Side view of fig. 9, showing displacement of the three cells due to the 
growth of the egg. X244. 
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Fig. 8. Mature oogonium juat prior to or following ffertiliaation. Note hour« 
glass chamber and slits. X66. 

Fig. 8a. CrossHsection of a single spiral thread, showing the dark nucleus em- 
bedded in granular cytoplasm. X244. 

Fig. 9, Spherical nuclei of young sheath primordia, X244, 

Fig. 10. Nuclei elongation with cells. X244. 

Fig. 11. Later stage of figs. 9 and 10, showing mature oogonium with greatly 
elongated sheath cell nuclei. X88. 

Fig. 12. Mitotic stage in formation of coronal cells. X244. 

PLATE 19 

Fig. 1. Very young leaf showing uninucleate tip and lower cell. X244. 

Fig. 2. Older leaf with numerous nuclei produced by amitotic divisions. X88. 

Fig. 3. Enlarged portion of edge of leaf to show cell wall, stationary chloroplasts, 
and rotating nuclei. X409. 

Fig. 4. Young plant showing attachment of oospore case, rhizoids, the verticil 
of young leaves, and the two-jointed portion of the protonema above the 
verticil. X23. 

Fig. 5. Abnormal oogonium on a long stalk. X8$ 

Fig. 6. Abnormal development of sheath cells from the base of a normal antheri- 
dium. X88 

Fig. 7. Showing chromosome counts in metaphase of antheridial filament cell. 
X480. 

Fig. 8. Division of nodal cell to form a lateral. 

Fig. 9. Enlarged view of fig, 8 to show late anaphase in mitosis of a vegetative di- 
vision. X409. 

Figs. 10 to 19 show a series of comparative sizes, shapes and densities of nuclei 
from various cells: X409 

Fig. 10. Lateral node cell. 

Fig. 11. Young internode 

Fig. 12. Older internode. 

Fig. 13. Sheath cell. 

Fig. 14. Antheridial basal cell. 

Fig. 16. Antheridial shield cell. 

Fig. 16. Young leaf. 

Fig. 17. Young and older spermatogenous filaments. 

Fig. 18. Old leaf. 

Fig. 19. Stalk cells of oogonium. 

f’ig. 20. Showing arrangement of chloroplasts in rows. Note line of " indiffer- 
ence V near lower center of figure. X244. 
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A NEW GENUS OF THE BLASTOCLADIACEAE 
By Velma D. Matthews 

Plates 20 and 21 and One Text Figure 

During the summer of 1935 the writer found a most unusual fungus 
growing on a small dead fly in a pool in a depression of a large rock on 
Bald Knob in Giles County, Virginia. The elevation at this point is 
about 4,200 feet. At this time only a few plants were observed and 
all attempts to culture the fungus proved in vain. However, in the 
summer of 1936 the same fungus was found growing on an insect in 
the same pool. This time the writer succeeded in growing the fungus 
on house fly eggs, which had just been removed from a fly and placed 
in sterile water. If the fly eggs were of the proper maturity an abun- 
dant group of plants usually grew on at least a few of the eggs, when 
they were placed in a growing culture. During the winter, when 
fly eggs were more difficult to obtain, cultures were made on the radicle 
of hemp seed embryos which had been boiled a few minutes. In these 
cultures the plants were often larger than those on fly eggs. The cul- 
tures have been kept in the refrigerator except when observations were 
being made. Germination of the spores was obtained on corn meal 
dextrose agar. On this medium the plants were small and short and 
usually produced a resting sporangium. However, young plants may 
be flooded with water and be made to develop thin-walled sporangia 
and zoospores. 

The entire plant is made up of a sporangium or a resting sporangium, 
a main trunk, and a system of rhizoids. Plants bearing resting 
sporangia resemble a miniature AUomycea or Blastocladia. However, 
the main trunk never branches, so far as I have been able to discover. 
The zoospores, which are produced in large numbers in sporangia 
placed in fresh water are elliptic to oval with one long posterior cilium. 
They escape fully formed into a small vesicle, which, persists only a 
few seconds or directly into the water. Here they swim for varying 
lengths of time and come to rest as round spores with a definite wall.* 
The swimming spore has the same type of structure as the spores of 
AUomyces and Blaatocladia, Upon coming to rest on a suitable sub- 
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stratum the spores send out a slender tube, which may soon fork and 
these branches divide up to form an elaborate system of very fine rhi- 
soids, which extend into the substratum. The original spore body at 
the same time enlarges and develops into the trunk and sporangium. 
No reaction was obtained with chloriodide of zinc on the young or old 
plants. {Duiyuchua threads tested at the same time gave a beautiful 
purple reaction.) 

The sporangia are thin-walled and globose to cylindrical in shape. 
Variation in size is very great, apparently depending on the amount 
of food material available. The method of the formation of the zoo- 
spores is shown in figures 2 to 8. The cytoplasm with many large 
refractive granules collects in the tips of the young plant, leaving a 
highly vacuolated basal portion (fig. 2). After most of the cytoplasm 
and granules have collected in the tip a wall begins from the periphery 
and finally makes a complete partition separating the tip from the re- 
mainder of the plant (fig. 3). Some enlargement of the sporangium 
now takes place and the refractive granules become smaller and scat- 
tered throughout the very fine cytoplasm (fig. 4). A few minutes 
after this stage these granules are much smaller and arranged in a more 
or less circular manner (fig. 5). A few minutes later the origins of 
the individual spores become visible with a group of granules in each. 
Five to ten minutes later the conspicuous papilla suddenly seems to 
be pulled inward, movement of the spores begins, and the papilla is 
pushed outward to form a very thin vesicle, which lasts only a few 
seconds. No cap is cut off. After the vesicle bursts the spores sepa- 
rate and swim away with their cilia propelling them from behind. The 
zoospores remaining in the sporangium come out rather rapidly and 
swim away. The structure of these spores is similar to that described 
by Hatch (2) in gametes of Allomycea and by Cotner (1) for the zoo- 
spores of Blastocladia. 

Some plants in all large cultures form resting sporangia in place of 
the ordinary thin-walled sporangia. In cultures where fresh water 
is not added, practically every plant forms a resting sporangium. 
The tip of the plant is separated off by a cross wall and inside of this 
tip the protoplasm assumes a brownish color, which gradually deepens 
and a wall is formed around the entire contents (fig. 16). This wall 
becomes thick and irregularly marked on the outer surface (fig. 16). 
After a rest of two to three weeks, in some cases perhaps less, the 
germination of some of the resting sporangia can be obtained by adding 
fresh water and food material to the culture. Twenty-four hours to 
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ten days after iht‘ addition of fn^sli wat(‘r and food the lieavy wall of 
the sporanpnin era(*ks in s(‘V(‘ral plaees and one to thn^c* thin-walled 
exit tubes appear. The exit tul)(*s are usually less than the diameter 
of the sporangium hut in a f(‘\\ eases v^cTy loii^ ones developed as 
shown in %ure H). Th(‘ outer hyaline* wall, whieh was the original wall 
of the hyphal tij) may or may not he present at the* time of the* germi- 




C’ultiin' of n unnpltx ^^rowuiKoiia fly egg Note three lar^((‘ |)laiits beariiifc 
restiii^^ spoiaiima an<l nian> small sporangia XHO 


nation of the* nesting si)e)rangium. Whem the sporangia are* thre'e or 
four months olel the*re is usually ne) inelieatie)n of this wall but the re*st- 
ing s})()rangia are* still in e*ontaet with the old trunk. Soon afte‘r the* 
appe'arane*e* e)f the* e*xit tube*s the eontents of the* re*sting spe)rangium 
be*e*e)me* eliviele*el up inte) s}X)res similar to those founel in the* oreiinary 
sj)()rangia. The* first e)f the spores e'seape into a vt*rv thin ve*sie*le* 
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lasting only a few se(‘onds or directly into the water. Hundreds of 
s])ores are formed in the large resting sporangia so several hours may 
b(* necessary for their escape. These zoospores germinate to form 
plants exactly like those formed by the zoospores from the thin-walknl 
sporangia. There is no inherent alternation between th(‘ thin-walk^d 
and th(‘ thick-walled sporangia, their occurrence dejiending on (environ- 
mental conditions. Matune nssting sporangia may be gradually dri(‘d 
by allowing the water in th(* jx^tri dish (with top on) to ('va})orat(* in 
th(e r(efrig(*rator or outsid(i th(e r(‘frig(‘rator, wJi(en the t('mj)(‘rat ure is 
not above 70°F. In the dric'd condition s])orangia wttc k(‘pt 4 months 
and germination obtaiiued. 

A iK^w' g(enus lilastochuh'rUa is sugg(\sted to iiuJude th(‘ plant dc'scnbod 
abov(‘. 


Blastocladiella gcai. nov. 

Minut(‘ (‘xpos(‘d j)art a simple thin-walked trunk without constric- 
tions b(*aring at its tip a thin-wall(*d sporangium or a thin (*as(‘ contain- 
ing a thick-walked ivsting sporangium. Zoospones with on(‘ ])osterior 
cilium, monoplaiuetic. Rhizoids d(‘licate, much bran(‘h(‘d. S(exual 
neproduction unknown. Walls not turning blu(‘ in chloriodide of 
zinc. 

Blastocladiella simplex sp. nov . 

Trunk S 40^ broad and 30 1 ,005/u long (ev (en short (‘r on agar, fig 12), 
withijut constrictions and unbranch(‘d (*xc(‘pt at base, wh(‘r(* it may di- 
vid(‘ into 2 to 4 parts from which the syst(‘m of v(*ry fine* rhizoids vx- 
t(*nds. Sporangia cylindrical to globo.sc*, 15 105g in diam(et(‘r, usually 
with oiu*, ran'ly uj) to thrf*(* j)apilla(‘ of emerg(‘nc('. Zoospones mono- 
])lan(etic, oval to elliptic, 3 4 x 5.5 7 m, with a long posterior cilium, a 
nucleus with a large nuckear cap, a ring of glistening granukes, a large 
vacuole and very fine* cytofilasm. H(esting s})orangia 15 ISOg in diam- 
('t(‘r fornued insid(e a wall shaped as the thin-walked sporangia and (k‘- 
vfeloping a brown irnegularly mark(*d h(ea\y wall. Th(e thin-walled 
ca.se (kx's not (kehisce to allow the escajxe of th(‘ sporangium, but it 
may disa|)p(ear in old cultun's. After a rest the thick-walked s]x)rangia 
form z<x)S}X)r(es similar to those formed in the thin-walked s]x)rangia. 
Sexual nepnxluction unknowm. 

Growing on a d(‘ad fly in a fn*sh w'at(‘r pool on Bald Knob n(*ar 
Mountain Lake, Giles Gounty, Virginia. 

In general appearance Bladocladiella resembk's Macrochytriurn hotry- 
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dioides Minden of the Chytridiales, but the absence of a cap and the 
structure of the spores lead us to place our plant in the Blastocladiales* 
BlmtodadieUa may be separated from Blaatodadia and AUomyceB 
by the unbranched trunk and the formation of only one sporangium 
on a plant and from AUomycea and some species of Blaatocladia by the 
resting sporangium not escaping from the thin outer wall. The pres- 
ence of a vesicle also separates the new genus from Blastodadia. Blasts 
cladieUa in its simplicity may be considered as a connecting link be- 
tween the Chjrtridiales and Blastocladiales. 

COKEB COLLSOS, 

Habtsyilud, S. C. 
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EXPLANATION OF PLATES 20 AND 21 
PLATE 20 

Fig. 1. Habit sketch of a culture growing on a fly egg. X53. 

Figs. 2-8. Stages in the development of a sporangium. Fig. 2 drawn at 10:55 
A.M,; fig. 3, 11:20 A.M.; fig. 4, 1:00 P.M.; fig. 5, 1:45 P.M.; fig. 6, 2:09 
P.M.; fig. 7, 2:10 P.M ; fig. 8, 2:30 P.M. All X460. 

PLATE 21 

Fig. 9. Zoospores from a thin-walled sporangium. X1320. 

Fig. 10. Germinating zoospores. X460. 

Figs. 11-12. Young plants grown on agar. Xlll. 

Figs. 13-14. Entire plants with short trunks and thin-walled sporangia. X220. 
Fig. 15. Young resting sporangium. X460. 

Fig. 16. Mature resting sporangium. Outer wall has disappeared. X460. 

Fig. 17. Resting sporangium forming an emergence tube. X460. 

Fig. 18. Resting sporangium with zoospores escaping into a vesicle. X460. 
Fig. 19. Small resting sporangium with a very long emergence tube. X460. 
Fig. 20. Zoospore from resting sporangium. X1320. 

Fig. 21. Very small sporangium stained to show nuclei in young spores. X1320. 








A NEW SPECIES OF ROZELLA PARASITIC ON ALLOMYCES 
By Frances K. Foust 
Plates 22 and 23 

A new species of Rozella was found on Allomycea arbusada Butler in 
a soil collection from Battle Grove, across the road from Coker Arbore- 
tum, Chapel Hill, N. C., October 5, 1936. This organism is not only a 
new species but is the first recorded parasite on the genus AUomyces, 
However its greatest significance lies in the fact that through studying 
the parasite in the laboratory several points have been cleared up which 
have long been the basis of controversy. Cornu (1871), working on 
Rozella sepitgena, observed the spiny resting bodies associated with 
the parasite when growing on members of the Saprolegniales, but was 
unable to determine whether the bodies belonged to the parasite or to 
the host. He observed the formation and discharge of the zoospores 
in Rozella Rhtptdti sptnost; but he stated that they ^'decompose with- 
out germination: one wonders if they arc really zoospores.'^ Others 
have worked on Rozella since Cornu and have reported the spiny resting 
bodies. They have been unable, however, to observe the germination 
of these resting bodies and thus give definite proof that they belong 
to the parasite. The number and place of attachment of the cilia has 
also been a disputed point. 

This investigation has been carried out under the direction of 
Professor J. N. Couch, to whom the writer tenders her sincere thanks. 

The parasite was isolated and successfully kept in culture by the use 
of the following method. A non-parasitized strain of AlUmyces arbus-- 
cula already in culture in the laboratory w^as purified in agar and used 
as a stock culture for inoculation with the parasitized material. Young 
Allomycea cultures on hemp-seed were inoculated (before host resting 
bodies had begun to form) by placing a few of the parasitized host 
threads containing resting bodies in direct contact with the host fila- 
ments. In five to twenty-four hours after inoculation (depending upon 
temperature), the Rozella sporangia can be found in the early stages of 
development at the hyphal tips of the host The life cycle is completed* 
in from two to three days with the formation of the resting bodies, which 
retain their vitality over a period of several months 
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Rozella allomyds n. sp. 

Fungus body imrasitic within the distal parts of the threads of Alio- 
myces. Sporangia first formed at the tips of the young host threads, 
usually 1~5 in a row, in basipetal succession; usually barrel-shaped, but 
var 3 dng greatly in size and shape, 12-20 x 20-40^, more often about 
15.9/4 X 24.6/4. The wall apparently confined to the original host i^all. 
Usually with one exit papilla, which is about 1.3/4 long. Frequently 
a primary sporangium may be divided by one or more partitions into 
several smaller sporangia. Zoospores ovoid, the posterior end the 
larger, about 3-4/4 thick, containing one refractive globule and with 
one posteriorly attached cilium, which is four times the length of the 
spore and is directed backward when the spore swims. Swimming by 
darting about with frequent changes of direction as typical for Chytrid 
spores. The swimming period lasting for about an hour, after which 
the spores germinate or die. Resting bodies formed later than the 
sporangia, occurring in the distal part of the host threads just behind 
the sporangia in swollen segments that are 1-35 in number, each seg- 
ment containing from 1-16 resting bodies, the average being about 3 
or 4. Segments spherical, barrel-shaped, nearly cylindrical, or irregu- 
lar, 20-40 X 20-70/4. Segments not completely filled by resting bodies, 
usually containing some left-over, dead, granular, host protoplasm. 
Resting bodies with spiny walls, spherical, 12-20/4 thick, averaging 15.9/4 
thick (average of 20 measurements) counting the spines which arc about 
1.3/4 long; yellowish brown to reddish brown in color; when mature 
with a thick (.S/i) wall, with a central hyaline globose mass of material 
surrounded by a granular zone of protoplasm. Germinating after a rest 
period of a week to form zoospores if fresh water is added and a young 
culture of Allomyces is present. The resting bodies may retain their 
vitality either dry or wet for several weeks, perhaps months. Zoospores 
from resting bodies identical with those from regular sporangia and 
capable of infecting young host threads. 

SPOKES AND SPORANGIA 

Spores have been observed to swim for about an hour before coming 
to rest. They apparently do not pitch on trash or other nearby ob- 
jects but only on the filaments or reproductive bodies of the host. The 
primary infection seems always to take place at the tip of the host 
thread. The spore loses its cilium, encysts and sends a fine tube through 
the host jnembrane (figs. 16-20). The protopla.sm in the spore then 
flows through this tube into the host. In mature infected cultures the 
spores may settle on the older parts of the host threads and successfully 
penetrate the host wall. In such cases the host protoplasm forms cal- 
losities which wall off the invading parasitic bodies and thus prevent 
their further development (figs. 18, 19). This probably explains why 
infection is unsuccessful with old cultures of Allomyces and with older 
parts of threads in younger culture. 
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In early stages of development it is impossible to decide just how much 
of the protoplasm in an infected hyphal tip belongs to the parasite and 
how much to the host. The iiarasitic sporangia are usually formed in 
those tips that have not begun noticeable development into sporangia 
or resting bodies. However, resting bodies of the host in all stages of 
maturity have been found which were parasitized and later produced 
Rozella spores. The parasitic protoplasm becomes more or less evenly 
scattered among the larger granules of the host cytoplasm. Meantime 
the infected hyphal tip has a pale whitish gleam which contrasts strik- 
ingly with the darker and more coarsely granulated protoplasm of the 
host. A septatioii is formed cutting off the parasitic sporangium from 
the rest of the hypha. If a separate wall is laid down by the parasite 
to enclose the sporangium it is so thin and closely applied to the host 
wall as to be indistinguishable as a separate membrane. Sometimes 
one or more partitions are laid down within the primary segment. The 
partitions may be horizontal or vertical or placed at such angles as to 
appear Y-shaped in section. The formation of such a cross wall takes 
place in this manner: a clear furrow is seen to extend across the cell, 
^\^dcning out at the sides ^\here it joins the cell walls. Later small 
granules are deposited in the furrow and these ai)pear to fuse to form 
the partition. 

Soon after the cross wall lias been formed, one or more vacuoles are 
seen actively ^il)rating, The protoplasm around the vacuoles is com- 
posed of the heavy coarse granules of the host and the fine clear gran- 
ules of the parasite. Apparently small clumps of the host plasma are 
digested in the vacuoles. As the sporangium matures the vacuoles are 
seen to fuse so as eventually to form one or more large vacuoles which 
become centrally located. The spore origins are cut out and move 
gently, while the clear vacuolar spaces are still visible with the vigor- 
ously dancing granules. A disappearance stage occurs, during which 
the spore origins and vacuoles disappear, the granules becoming evenly 
dispersed in the homogeneous protoplasm. At this stage there seems to 
be a general swelling of the entire contents. Early in the development, 
about the time the cross wall is formed, a small protuberance is seen to 
appear on the outer wall of the sporangium; and as the development 
within the sporangium increases, the papilla enlarges. 

A few minutes after the disappearance stage the granules begin to 
collect in small evenly spaced groups, each group forming the center of a 
spore (pi. 23, figs. 6, 7). Quickly the spores take on their form and a 
faint rocking and jerking motion becomes evident. As the movement 
increases in rapidity, the outlines of the spores become distinct. Soon 
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the epores are in a seething motion, moving in whiripool-^like currents 
(fig. 8). The waUs continue to bulge out and the papilla to enlarge 
(figs. 9-11). The papilla wall becomes quite thickenedi as though it 
were being gelatinized, and swells outward. Meantime the mass of 
q>ores is pushed inward by a clear hyaline space which is a continuation 
of that of the papilla. This space continues to push the spores back- 
ward; at the same time the bulge of the papilla is greatly increased. 
Suddenly the tip bursts and the spores are shot out in a straight stream 
(fig. 12). So great is the internal pressure that the spores and small 
granules of matter are shot out in a mass in which it is hardly possible to 
distinguish the spores until they are a little distance from the sporan- 
gium. Their motion is then slowed up, and it can be seen that the 
spores come out with their cilium directed backwards. They dart 
about very rapidly, frequently changing their direction. The majority 
of the spores have escaped from the sporangium in two or three minutes 
after the tip bursts. Occasionally some of the spores do not escape 
from the sporangium but dart rapidly about within the walls. In 
stained material spores have been seen within the sporangium which 
had two cilia and were twice the size of normal spores. These biciliatc 
spores are probably due to incomplete segmentation in the sporangium. 
On one occasion spores were seen within a sporangium to creep about 
the wall in an amoeboid fashion. These however resumed their rapid 
motion and escaped if they happened to find the exit tube. 

Spores of this genus were originally described by Cornu (1872) as 
being ovoid and typically uniciliate. However, Fischer (1894) de- 
scribes the spores as possessing two cilia, a short one in front and a long 
one behind. We are very certain that, in the present species, the spores 
are uniciliate. They have been seen on numerous occasions and in 
exceedingly large quantities. One of the most favorable methods by 
which actively swimming spores can be observed is in a small drop of 
water on a slide without a cover slip in which a large number of spores 
are swimming in the edge of the drop. If such spores are observed under 
a high dry lens with correction collar, a single cilium can easily be made 
out. A single cilium has also been observed with a water immersion 
lens. Preparations killed with the fumes of osmic acid and stained with 
a weak solution of gentian violet and mounted in water show beyond 
doubt the presence of a single cilium (pi. 22, fig. 3). Spores stain^ by 
the Cotner method gave similar results. There can hardly be any 
doubt but that there are two groups of plants in this family, one having 
uniciliate spores and the other biciliate spores. 
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KESTINC; BODIES 

The s])iiiy bodies an* foriiK'd la1(‘ in tin* (l(‘V(*l()|)m(‘iit of tlx* 

ciiltim* aft(‘r the Rozrlla sporangia have* inatun'd (figs. 21 20). TIb'y 
ai)])ear l)(‘low the sporangia in the same filanH‘nts and in tin* samci tyix* 
of host s(*gm(‘nt. The s(‘gm(*iits an* sph(*ri('al, l)arrel-shap(‘d or long 
eyiindrieal, d(*])ending on the size* and innnb(‘r of n*sting bodic's in oiu* 
s(*gni(*nt. As with tlu* sporangia the n*sting bodi(*s are fornu'd in basij)- 
(‘tal siie(*(*ssion, tlu* old(‘r being found in s(‘gnu'nts lu'xt to the young(‘st 
sporangia. All stag(‘s in the d(‘V(‘Ioj)ment of tlu* n‘sting Ixulies may 
frecpK'iitly lx* se(*n in oiu* filament. Then* s(‘<‘ms to lx* a d(‘finit(‘ zone 
b(*low vshieli snee(‘ssful intection does not take place*, tlu* inf(*ct(‘d zone 
usually occupying from a third to a half of tlu* distal ])art of a hy])ha. 
Tlu* fust crop of six)r(*s from tlu* first fornu*d s]X)rangia n‘inf(*ct tlu* host 
thr(*ads to form ollu*r sporangia. '^Plu* s(*cond grouj) of s]X)rangia ])ro- 
duc(' spor(*s which may r('inf(*(*t tlu* host to form resting bo(li(‘s or infect 
lu'w hyphae* to form sporangia. Wlu‘n conditions in tlu* cultun* (*hang(*, 
such as shortage of food supply, (*hang(* in t (*mp('ratun*, c*tc., tlu* in- 
h'cting plasmoelia form ri'sting bodie's instead of s)x)rangia. A sonu*- 
\Nhat analogous Ix'havior has b(‘(‘n found by Barrett (1912) to (*xist iji 
()lj)i(li(>psis^ \Nlu*r(* s(*xual organs are pnxluced wh(*n unfavorable* con- 
(lit ions ai’ise*. 

Hu* ])lasmo(lium may lx* s(*(*n as a clump of dark granul(‘s some* of 
which an* large* anel e*e)arse*, \\hile* e>tlu*rs are* fine anel lighte*r in e*e)le)r. 
Vae*uole*s be*e*e)me‘ elistine*t in the* lu)st pre)te)plasm surre)uneling tlu* 
parasitie* be)ely, and the*s<‘ gre)\\ large*r as the* parasilie* ])lasme)eiium be*- 
e‘e)nu*s large*r. The* plasmodium re)uneis up, anel a \’e*ry ele*licat(‘ nu'in- 
brane* is forme*d are)unel it. A e*le‘ar, hyaline* spae*e‘ siirreuinels the* be)dy. 
lute) this cire*ular spae*e‘ granule‘s are* sex)n se*e*n e*re)\\ ele'el e*le)se* te) the* 
])arasite* uall, uhie'li has be*e*e)me* thie*ke*r. Tlu*se* gi‘anule‘s line* up at 
riglit angle's te) the* spe)re* wall anel appe*ar te) fuse* forming the* spine*s. 
The* e*xae*t nature* e)f t he* e*e)nte*nts of the* mature* re'sting boely can e>nly be* 
ase*e'rtaine*ei by e'yte)le)gie*al me*the)els, whie*h will be* e‘mple)ye*el late*!*. It 
se*e'ms, he)\\ e*A'e*r, that the* mature* re*sting bejely e*e)ntains a large gie)])ule* e)f 
hyaline* mate*rial suire)unele*el by ])re)te)])lasm. ''Plu'se* be)elie*s re*main 
within the* he)st thre*ael until the* walls e>f the* heest elisinte*grate*. 

llnele'r the* ])re)p<‘r ce)nelitie)ns e)r stimuli the* re'sting be)elie*s ge*rminate 
(fig. 27). Hu* e*e)nse'e*ulive* ele*ve*le)pnu*nt e)f a re*sting be)ely has ne)t be*eu 
fe)lle)\\ e‘el, but. nume*re)Us stage's in their ele*ve*lo})nu*nt luue* ))ee*n e)bse*rveel. 
It is j)e)ssible' te) re*e*e)gnize* a ge*rminating n*sting bexly by the* pn'se*ne*e e)f 
the e‘nu'rge*ne*e* pa]>illa. In a re'lative'ly late stage* e)f s]X)n' ele've'le)])ment 



$$lt JktmxMi (Hr nts MxvctfKA Socnenr (/W||ir 

llie of like aperaagiam beecHne eveolsr disiMrsed thropi^iout 

wm} bc^ a 'vifDtrottt xaoveiiieat. After the sporee ere cot ‘out, they 
begiu a slow motioa near the periphery (rf the body, which graduidly 
inereaaes in ra^dity until the whole mass is seething. As the develop* 
m^t of the ooatwts continues, the papilla swelle hnd enlarges. Sud- 
denly the painlla burste, and the sporee are liberated in much the same 
manner as the sporee from the primary sporangium and to aU appear- 
ances are dmilar to the latter in structure and behavior. No fusion of 
spores seems to take place. If the host widl has not become broken 
down or tom the spores are liberated within the host filament, as was 
the case in most of the observed cultures. 

I’roof that the epiny resting bodies belong to the Rotdla was obtained 
by reinfection experiments. Host threads containing spiny resting 
bodies (a week or more old) were cut off and placed in contact with the 
young hyphae from a pure strain of AlUmyce$ arhuacvla. After 24 
hours time the restii^ bodies had germinated and many of the hypbal 
tips of the AUomycea were infected with the characteristic sporangia of 
the pfuasite, thus proving the position of the spiny resting bodies in the 
life history. None of the previous observers has been able to obtiun the 
germination of these resting bodies and to demonstrate their positive 
relationship to RozeUa. 

BtriniABT 

1. A new species of BozeMa parasitic on AUomycea arbuacida is de- 
scribed. 

2. The soospores possess one posteriorly attached oilium which is 
directed backwards when swimming. 

3. The germination of the spiny r^ing body has been observed a 
number of times. In the structure and mode of exit, spores from the 
resting body are similar to those from the primary zoosporangium. 
The idoitity of the resting bodies with the parasite has been definitely 
proved by reinfecting the healthy AUomyces cultures with the spores 
from gertninating resting bodies. 

4. No gvidenee of furiop of any spores has been found. 

BotahiCaii Laboeatmt, 

UtnTmurrT or Koara CAitoi>mA, 

<hurai. N. d. 


gABaarr, i. T. 

mu Devriopawp^ geapafi^ of SipM gperiH of Qh^ilioiMis, (CScmu) 
Mtsebor. im. ii: mNUA al*. mgO. 
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EXPLANATIOK OF PLAT3BS 

PX4ATO 22 

All photoe except 3 from living material. 

Fia. 1 Part of a young culture of AUamyeet ttrhuacula Butter about eighteen 
hours after infection showing hyphal tips infected by parasite^ RauUa 
(p). Note pale, whitish of young parasitic sporangia* Note also 
much larger and denser resting bodies of host (r*s.) X 120. 

Fzo. 2. Four heavily parasitised hyphal branches of Aficmycss. Toward distal 
part of host thread, sporangia of parasite are formed, all of which have 
emptied except one. This one (si) shown in filament b discharged its 
spores a few minutes after photograph was niade. The segment at tip 
of thread b is divided into three sporangia (s) . Hie dark rounded bodies, 
of which one to four are shown in each segment, are the resting bodies of 
parasite. The older ones are toward hyphal tip, the younger stages 
nearer base. Note very early stage of infection in thread a at t. X 2S0, 

Fig. 3 Two soospores showing single ciiium on each. X 1320. 

Figs 4-3. Enlarged views of threads a, b, c, respectively shown in fig. 2, showing 
stages in development of resting bodies. Note young spines on resting 
bodies in figs 6 and 3. X 540. 

Figs. 7 Resting bodies of RozeUa. Note central globule, and spines. Two of 
the resting bodies have discharged their spores and partially collapsed 
X 1140. 


Flats 23 

Fig. 1. Habit sketch of parasitised AUomyeet thread, showing empty soosporan-^ 
gia of parasite and resting bodies in various stages of development. Nuts 
young plasmodia of parasite iplower part of figure. X 187. 

Figs. 2-7. Stages in develofunent of sporangia from just after infectiou to forma- 
tion of spores. Fig. 4 shows large central vafutfes with spore migins 
(t). Fig. 5, disappearance stage Fig. 3, refor^ilmi of spores. Flg^ 7, 
spores ready to emerge. X 787. 

Fiua. fi-'lfi* Disgrammatio sketches showing i^re 4fischarge« S3e text for 
explanatioii. X about 787, 

Fig. is. spores as they iMS^pear in the living condition. X 

Fig. 14. Three primary segments which have become divided Wto two or tbhe 
secondtey segments, ea^b a Note exit porea. X 463. 

#lGt 13. BMUaM soegpores which Imd fai}o|t to emerge {roan 

xm. 

Fsg* 13. I^oroi stilt with on host tiiryad, X 
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FiOfl, IT^-aO, Stages in infection. Fig. 17, infection tubes starting. X 1046. 
Fig. 18. Two spores, one of which has sent germ tube through host wall 
and emptied most of its protoplast into host thread. The host thread is 
forming a callus around parasite and it is doubtful if this infection wordd 
have developed further. X 1312. Fig. 19, another spore showing same 
condition as above. X 1812, Fig. 20, collapsed membrane of spore 
which apparently has emptied its contents into host. Parasite plasmo- 
dium is shown by darker granules X 1312. 

Figs 21-26. Development of resting body, for explanation see text. X 787 . 

Fig. 27. Resting body which has germinated forming zoospores, all of which have 
been discharged except four X 787. 



PLATE 22 









JOURNAL 

OVTHB 


Elisha Mitchell Scientific Society 

Volume 6S December, 1937 No. 2 


PROCEEDINGS OF THE THIRTY-SIXTH ANNUAL MEETING 
OF THE NORTH CAROLINA ACADEMY OF SCIENCE 

Catawba College, Salisbury, N. C., May 7 and 8 , 1937 

The thirty-sixth annual meeting of the North Carolina Academy of 
Science was held at Catawba College, May 7 and 8, 1937. The meeting 
was called to order at 9:30 A.M. on May 7 by the President, P. M. 
Ginnings. The reading of papers commenced promptly and continued 
until 11:30 A.M. when the President announced the appointment of 
the following committees: 

Auditing: J. B. Derieux, G. H. Satterfield, A. F. Thiel; 

Resolutions: J. P. Givler, R. J. Campbell, E. E. Randolph; 

Nominating: H. B, Arbuckle, J. S. Holmes, F. A. Wolf. 

The reading of papers was continued until 1:30 P.M. when the 
Academy took a recess for luncheon. 

The reading of papers was resumed at 2: 15 and continued until 4:00 
when the Academy held its annual business meeting. 

The minutes of the previous meeting were approved as published in 
the Journal of the Elisha Mitchell Scientific Society. 

Reports from the various committees were presented. 

The executive committee, consisting of P. M. Ginnings, president of 
the Academy; C. F. Korstian, vice-president; H. L. Blomquist, secre- 
tary-treasurer; W. E. Speas, H. R. Totten, and W. L. Porter, reported 
as follows: 

‘The executive committee met in Salisbury on May 6 and on May 7 
with all members present. 
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^The committee appointed W. L. Porter to act as temporary assistant 
to the secretary during the meeting. 

^'One title which had been accidentally omitted was added to the 
program. 

‘‘One title which arrived too late to go on the printed program was 
added to the program. 

“Extension of time up to 30 minutes was granted to Frank K. Cam- 
eron for his paper ‘The Utilization of Whole Cotton'. 

“The request by G. R. McCarthy and J. W. Huddle that their paper 
be read in their absence by Grover Murray was granted. 

“The secretary was instructed to see that in all the sections, except 
the chemistry section, no officer be elected who is not a member of the 
Academy in good standing. The committee expressed the desirability 
that the secretary of the chemistry section be a member of the Academy 
so that he may receive the announcements and the program of the 
Academy. 

“The committee reported as elected to membership since the last 
meeting the following: 

Dr. J. E. Adams, Dept, of Botany, U. N. C., Chapel Hill, N. C. 

Mr. Bill Arey, 102 South Church St., Salisbury, N. C. 

Mr. Walter Lane Barksdale, Dept, of Botany, U. N. C., Chapel Hill, N. C. 

Dr. E. Willard Berry, Dept, of Geology, Duke University, Durham, N. C. 

Dr. Robert B. Burrows, Box 221, Elon College, N. C. 

Mr. George A. Christenberry, Dept, of Botany, U. N. C., Chapel Hill, N. C. 

Mr. J. M. Clarkson, N. C. State College, Raleigh, N. C. 

Miss Roxie Collie, N. C. State Museum, Raleigh, N. C. 

Mr. Franklin Crowell, 612 E. Bank St., Salisbury, N. C. 

Miss Sarah Culbreth, Dept, of Zoology, Duke Univ., Durham, N. C. 

Mr, Joel E. Derrick, Spencer, N. C. 

Mr. Richard A. Faust, 406 Mitchell Ave., Salisbury, N. C. 

Mr. James Ferger, Dept, of Botany, N. C. State College, Raleigh, N. C. 

Mr, Charles H. Flory, Box 1724, High Point, N. C. 

Miss Frances K. Foust, U. N. C., Chapel Hill, N. C. 

Mr, Kenneth H. Garren, Dept, of Botany, Duke Univ., Durham, N. C. 

Mr. F^ P. Gaskins, Phipps & Bird, Inc., 915 E. Cary Street, Richmond, Va. 

Dr. John J. Gergen, Box 4771, Duke University, Durham, N. C. 

Mr. Leland J. Gier, Campbell College, Buies Creek, N. C. 

Mr. William Lanier Hunt, Box 169, Chapel Hill, N. C. 

Dr. Thomas Kerr, Box 5085 ^ N. C. State College, Raleigh, N. C. 

Mr. F. J. le Clair, U. S. Soil Conservation Service, Chapel Hill, N. C. 

Miss Jean Leitner, Dept, of Botany, U. N. C., Chapel Hill, N. C, 

Dr. F. H. McCutcheon, Dept! of Zoology, N. C. State College, Raleigh, N. C. 
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Mr, Berlen C. Mone 3 rmaker, Box 134, Murphy, N. C. 

Mr. Grover Murray, Jr., Dept, of Geology, U. N. C., Chapel Hill, N. C, 

Dr. John M. Parker, III, Box 6171, N. C. State College, Raleigh, N, C. 

Mr. Avery Patton, Jr., Davidson College, Davidson, N. C. 

Mr. John H. Pierczynski, Bureau of Identification, Police Dept., Charlotte, 
N. C. 

Miss Caroline E. Powell, Boyden High School, Salisbury, N. C. 

Mr. F. P. Pratt, Jr., 628 Mitchell Ave., Salisbury, N. C. 

Mr. Donald D. Ritchie, Dept, of Botany, XJ. N. C., Chapel Hill, N. C. 

Miss Laurie M. Stewart, Dept, of Botany, U. N. C., Chapel Hill, N. C. 

Mr. H. W. Straley, III, Dept, of Geology, U. N. C., Chapel Hill, N. C. 

Dr. Herbert C. Tidwell, Wake Forest Medical School, Wake Forest, N. C. 
Mr. Henry Wagner, Catawba College, Salisbury, N. C. 

Mr. Woodrow Wilson, Dept, of Zoology, Duke University, Durham, N. C. 
Mr. W. F. Whitt, 621 Maupin Avenue, Salisbury, N. C. 


‘The following were reinstated to membership: 

Dr. Lewis E. Anderson, Dept, of Botany, Duke Univ., Durham, N. C. 
Mr. Clifford Beck, Boyden High School, Salisbury, N. C. 

Dr. Sherwood Githens, Jr., Wake Forest College, Wake Forest, N. C. 
Mr. M. A. Hill, U. N. C., Chapel Hill, N. C. 

Dr. Z. P. Metcalf, N. C. State College, Raleigh, N. C. 

Dr. Arthur E. Ruark, U. N. C., Chapel Hill, N. C. 

Mr. S. O. Trentham, Mars Hill, N. C. 


“The committee also reported the following losses during the year: 

Lost by death: Dr. David H. Howard, Jr. 

Lost by resignation: Mrs. Margaret Stoughton Abell 

Dropped from the roll because of non-payment of dues : forty former members. 


The Treasurer’s report was as follows: 

Financial Statement of the N, C, A, S, May 6, 19S7 
Receipts 


Balance on hand April 23, 1936: 


Savings Account $437.94 

Checking Account 132.06 

Cash on hand 4.00 


$674.00 


Total balance 


$674.00 
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Dues: 

1036 164.00 

1037 218.00 

Initiation fees: 

1036 26.00 

1037 50.00 

8458.00 $458.00 

Replacement of returned checks 4.00 

Interest on savings 10.71 


Total receipts (Includes $50.00 transferred from savings 

to checking account) $1,046.71 

DiBhureementB 

Stationery and printing $62.02 

Programs, 1037 28.50 

Postage 2.36 

Returned checks due to insufficient funds 4.00 

Refund dues 2.00 

Books for H, S. Essay Prize 16.34 

Expenses for delivering prize 6.50 

Journal of E. M. S. S., 1036 ($250.00 from check- 
ing and $50.00 from savings) 300.00 

Charges on bank balance 1.00 

Clerical assistance 50.00 

Sec.-Treas. commission 45.00 

Refund Sec. dues 2.00 

Telegrams .64 

Telephone calls .40 

Receipt books 1.03 

Letter file .67 

Stencils 1.87 

Interval timer 5.32 

Total disbursements $538.65 

Total balance May 6, 1037 

Savings Account 

AprB 23, 1036 $437.04 

Interest 10.71 

« $448.65 

Withdrawn Dec. 8, 1036 ($50 transferred to check- 
ing; $50 cash to Journal) $100.00 


Balance May 6, 1037. . , $348.65 


Dues on hand '. 

Balance in checking account May 6, 1037 


$1,046.71 


$538.65 

$508.06 


$348.65 

$150.41 

8.00 

$151.41 
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The above report was made as of May 6, 1937. 

Submitted by H. L. Blomquist, Secretary-Treasurer. 

Audited May 7, 1937 by 
J. B. Derieux, 

G. Howard Satterfield, 

A. F. Thiel. 

“The committee accepted the invitation of the Faculty of the North 
Carolina State College of the University of North Carolina to hold the 
thirty-seventh annual meeting of the Academy in Raleigh. 

“The executive committee made the following recommendations to 
the Academy: 

1. That all bills presented in the treasurer's report be authorized and 
paid and that the report be printed when audited. 

2. That Bert Cunningham be appointed to select the books to be 
presented to the winner of the High School Science Essay Prize, and 
that he be authorized to draw upon the treasury as much as $25.00 for 
these books; and that the secretary be authorized to appoint a repre- 
sentative of the Academy to award the prize and draw upon the treasury 
for the payment of his expenses, 

3. That hereafter the total expenditure for the High School Science 
Essay Contest be limited to $25.00. 

4. That the Secretary-Treasurer be authorized to pay the Elisha 
Mitchell Scientific Society $300.00 for the publication of the 1937 Pro- 
ceedings. 

5. That C. W. Edwards of the Department of Physics, Duke Univer- 
sity, and A. S. Wheeler, formerly acting chairman of the Department of 
Chemistry, the University of North Carolina, be made life members. 
Professor Edwards joined the Academy in 1902, was its president in 
1903, and has been an enthusiastic and active member up to the present 
time. Dr. Wheeler joined the Academy in 1903, was its president in 
1916, and has been an active member until last year when, because of ill 
health, he was compelled to retire from active duties. “ 

The report fiuid the recommendations of the executive committee were 
accepted and approved. 

The auditing committee reported that the treasurer’s report had been 
examined and was foimd to be correct. 

The reports of the treasurer and auditing committee were accepted. 

The committee on the Phipps and Bird Prize, consisting of Wm. F. 
Prouty, chainnan, J. B. Derieux, J. P. Givler, Anne Pegram, O. J. Thies, 
and F. A, Wolf, reported as follows: 
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‘‘The gold medal for the most noteworthy paper pres^ted at the 1986 
meeting was awarded to Dr. F. G. Hall, Duke University, for his paper, 
entitled ‘Physiological Studies at High Altitudes/ The paper was 
awarded second place in the interstate academy contest.'' 

The committee on high school science, consisting of Bert Cunningham, 
chairman, H. B. Arbuckle, Mrs. B. W. Wells, C. E. Preston, R. J. 
Campbell, and Mary Conrad Cleaver, reported as follows: 

“Your Committee reports that it has carried on its usual activities 
during the year, including the Essay Contest. 

There were 21 essays from 15 schools entered in the contest. The 
Judges, Dr. H. J. Ousting, Mrs. B. W. Wells, and Dr. C. E. Preston 
selected Miss Lucy Nelms of the Nashville High School as the winner 
of the prize. As in years passed this essay will be submitted to the High 
School Journal for publication. The Committee recommends that 
it be empowered to select the books for the prize (not to exceed 
$20.00) and that the Secretary of the Academy appoint a representa- 
tive of the Academy to personally present the award at the Commence- 
ment Exercises of the Nashville High School. 

The Committee has carefully considered the continuation of this 
prize, and has reached the following decisions: 

(1) The prize should be continued. The number of essays submitted 
in any one year is no evidence of the extent of the influence of the con- 
test. New schools are constantly submitting essays, and most schools 
do not enter the contest in consecutive years. Many essays are pre- 
pared which never come to the Academy since each school is limited to 
three entrants. We recommend that the prize be awarded next year in 
the fields of Chemistry and Physics. 

(2) The Committee, however, feels that the present procedure of 
widely circularizing the schools does not bring commensurate returns. 
It suggests that the procedure for next year be altered by substituting 
personal correspondence with comparatively few teachers for the present 
system of broadcasting. This could probably be done at no expense to 
the Academy other than the prize itself, which the Committee feels 
should »ot be lessened. We recommend that this procedure be fol- 
lowed. 

The Committee has also considered the possibility of creating an 
interest in the Academy on the part of the high school teachers. It sug- 
gests that this might be partly accomplished by having a special section 
with its own program on Saturday morning for this group. It also 
thinks it might be possible to create greater interest on the part of 
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teachers if the sponsor of the winner of the Essay Contest were given 
some recx)gnition such as honorary membership in the Academy for a 
year. The Committee, however, is not ready to make specific recom- 
mendations on either of these latter matters,’^ 

The report of the high school science committee was accepted and its 
recommendations approved. 

The legislative committee, consisting of Z. P. Metcalf, chairman, W. 
L. Poteat, and Wm. F. Prouty, had no report at this time. 

The elective appraisal committee, consisting of P. M. Ginnings, 
chairman, E. H. Hall, R. E. Coker, Mary Conrad Cleaver, C. W. Ed- 
wards, Karl Fussier, E. G. Purdom, R. N. Wilson, J. T. Dobbins, re- 
ported that the committee had had no requests for appraisal and, 
therefore, had no report to make. 

The conservation committee, consisting of Charles E. Raynal, chair- 
man, B. W. Wells, J. P. Givler, C. F. Korstian, W. C. Coker, and J. S. 
Holmes, made the following report which was prepared and read by 
J. S. Holmes at the request of the chairman of the committee : 

REPORT OF THE CONSERVATION COMMITTEE OF THE 
NORTH CAROLINA ACADEMY OF SCIENCE 

By De. j. S. Holmes 

The idea of conservation has undergone very considerable change 
since it was first linked with the better management of our natural 
resources some thirty years ago. 

At the American Forestry Congress held in Washington, January 
1905*, called by President Theodore Roosevelt “to establish a broader 
understanding of the forest in its relation to the great industries depend- 
ing upon it; to advance the conservative use of forest resources for both 
the present and future need of these industries; to stimulate and unite 
all efforts to perpetuate the forest as a permanent resource of the na- 
tion,** the word “conservation** does not seem to have been uttered, 
though foresters and lumbermen alike very fully discussed “conserva- 
tive lumbering.** By 1908, however, popular mterest in forest conser- 
vation had become so keen that the same President “called together in 
conference the governors of all the States with their advisers, together 
with the presidents of the various national societies interested, and' 
others, to discuss the broad question of the conservation of natural 


* See Proceedings. 
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resources. As a consequence national and state conservation commis- 
sions were formed in all parts of the Union, and a new era of active 
interest in economic development seemed to have arrived/'* by the 
following year, 1909. At that time conservation was defined by Gifford 
Pinchot, the Chief Forester, as the wise use of our forests, waters, soils, 
and ores (mineral resources). A little later wild life was added as a 
fifth resource and subsequently the human resource was taken under 
the expanding wing of conservation. 

With the experience of three decades we might now define conserva- 
tion as the management of all our natural resources so that the greatest 
good to the greatest number over a long-time program will result. 
Since the great majority of the American people know little and care 
less about any long-time program it will be many more decades before 
real conservation can be put into general practice. However, if organ- 
izations such as this Academy understand the need and advocate the 
practice of conservation, the future leaders of State and Nation will be 
better informed, and inspired to do the right thing by the abundant 
gifts with which this country has been blest. 

We now seem to have two schools of conservationists, each of the 
opinion that its point of view is the true one. The practical man bases 
his opinions on the economic use of our natural resources; and sometimes 
this use is based on commercial demand rather than on 'public need. 
And though this man, who favors ‘‘wise use," at times fails to look far 
enough ahead, his policy, improved with knowledge, must no doubt 
govern the management of the bulk of our resources. 

Strongly opposed to this point of view is the aesthetic conservation- 
ist, he who would preserve the beauty of the forest or waterfall by 
prohibiting or greatly limiting its economic use. This man puts recrea- 
tion and enjoyment first and on him we depend chiefly to save our 
beauty spots; while the other puts ahead the plain drab need of making 
a living. Neither questions the need of the other but -each insists that 
his policy is the more important. 

If this question is to be determined by the pressing immediate needs 
of the private landowner and the two-year view of succeeding legislatures, 
we shall, I fear, continue to neglect the long-time view and our conserva- 
tion practice will continue to remain ineffective until the resources have 
disappeared. 

In addition to these two opposing view points of conservation there is 
to my mind a third which may be considered a combination or a com- 

• Fernowls History of Forestry, page 431. 
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promise or a way out, which we might call the ethical point of view. 
Many people who have thought as well as searched, have faith and 
conviction that there is a master mind behind this matter and that 
there is a divine plan of growth, improvement, and development which 
we call evolution. Recognizing the existence of such a plan, should we 
not work with Nature as closely as our actual needs will allow, protect- 
ing and preserving for future generations all economic and aesthetic 
re^urces in at least as good condition as they came to us from the past? 
By destroying or even materially reducing in one generation any such 
natural resource we are defrauding our descendants to infinity, which is 
worse than simply defrauding our neighbour. 

However, let us now come down to a few present day problems. 
First a few words about the policy of Stand Improvement on National 
Forests, which was the primary cause of the appointment of this com- 
mittee two years ago. The National Forests are administered on an 
economic basis as opposed to the aesthetic interests of the National Parks. 
The primary values of the National Forests are regulation of stream 
flow and production of timber. The large majority of forest land, both 
publicly and privately owned, mtist be handled as a crop for the produc- 
tion of revenue, and as the farmer considers those plants weeds which 
injure the desired farm crop, so the forester considers those species 
weeds which interfere with the development of the salable timber crop. 
This is the justification for the cuttiiig out of dogwood and other of the 
less valuable species in order to favor the more valuable ones, which is, 
as just mentioned, an accepted practice by farmers growing annual 
crops. This policy must meet our approval, though sometimes its 
practice does not. Forestry in this country is in its infancy and no 
owners of forest land are in a position to act with full knowledge of what 
the final results will be, as full information on growth, future markets, 
and other factors is not yet available. 

The conservation of our scenery is a problem that our people are 
only just waking up to. The efforts of the various states to secure 
tourist travel and desirable settlers emphasize our need for the protec- 
tion of what natural scenery we have. While economic necessity seems 
to demand the construction of highways, telephone lines, and other 
improvements across the landscape, a growing desire for beauty will 
demand the restriction of these and other so-called improvements in 
many areas. It is only through the education of the public that im- 
provement in this respect will come about and the primary object of 
this report is to ask the codperation of members who are educators in 
emphasizing the principle of conservation in every line of endeavor. 
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The need for conserving the supply of our food fishes is 'well illus- 
trated by the very serious decline in our shad fisheries. have ex- 
pended large sums of public as well as private money in the construction 
of locks, dams, etc., across larger streams without any thought or care 
that this would keep the shad from their spawning ground. Unless 
every precaution is taken similar destruction of other food fishes will be 
caused in our waters by the rapidly expanding pulp industry and the 
consequent pollution of our streams. 

Another serious problem is the destruction of wild life under ill-ad- 
vised State and Federal laws favoring the group known as game. Con- 
servation to many sportsmen, as well as to the makers and purveyors 
of arms and ammunition, seems to mean the artificial production of a 
few game birds and the destruction of ail birds and animals which they 
consider inimical to the sportsman’s interest and class as predators and 
vermin. A recent very determined attempt to secure legislative 
authority in one of our eastern coimties for the indiscriminate hunting 
and killing of bear, muskrats, rabbits, and foxes at any time and with- 
out a license, and to allow the poisoning of crows and jackdaws is a 
nearby instance of misguided enthusiasm for the conservation of one 
resource at the expense of another. 

Wild life administrators are rapidly coming to the conclusion that 
the artificial production of game birds is no solution to the growing 
scarcity of game species. The conservation of their natural feeding and 
breeding areas, with the restoration, so far as possible, of what we refer 
to as the “balance of nature” is the only practicable policy. 

There are many problems confronting public officials responsible for 
the administration of our natural resources which must depend on 
scientific research for their solution. North Carolina will continue to 
coimt on the cooperation of the scientists of the State in such public 
service. However, the great task before us is the conversion of a waste- 
ful and indifferent public, to one recognizing its duties to the future, 
before it is too late. 

Conservation cannot be superimposed on a State or Nation by just 
changing the name of one Federal Department, which has been notorious 
for its dissipation of our natural resources, to the Department of Con- 
servation, and taking to itself other government agencies already deeply 
interested in and practising various phases of conservation; but the 
principle must be drilled or instilled into our people, especially our 
young folks, as they gradyally accumulate knowledge about our re- 
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sourcee. While every citizen has his responsibility for handling those 
resources which come into his care in a conservative way, realizing his 
full responsibility to the future, it is more especially the task of those 
who are studying nature and are teaching the youth of our land to 
emphaaze at every opportunity the responsibility which the handling 
of our natural resources places upon each one of us. For this reason I 
feel that this Academy can well encourage among its members not only 
research and study of our natural resources but coupled with it the 
training of their students and the public in the wise use of these re- 
sources.” 

The report of the conservation committee was approved and the secre- 
tary was authorized to order 250 reprints of this report when published. 


The committee on the A. A. A. 8. grant, consisting of R. E. Coker, 
chairman, M. L. Braun, O. J. Thies, J. G. Boomhour, and Eva G. 
Campbell, reported: 

“That the A. A. A. 8. grant for 1936 was awarded to Mr. D. 8. Cor- 
rell for his ‘8tudies on the orchids of the southeastern states,’ and that 
the grant for 1937 be awarded to L. G. Willis for the continuation of his 
studies on ‘The oxidation-reduction equilibrium in soils.’ A special 
request was made that more applications be sent in for this grant.” 

The report of the committee on the A. A. A. 8. grant was accepted. 

A memorial report honoring the late Dr. David H. Howard, Jr., was 
presented: 

Db. David Halbert Howard, Jr. 

“David Halbert Howard, Jr., passed to his eternal home on April 
26, 1936. In his passing his devoted family in Virginia was over- 
whelmed in grief, Davidson College suffered an irreparable loss, and 
this Academy has lost one of the most brilliant young men who ever 
came to North Carolina to contribute his energies to the advancement 
of science. 

“David Howard was bom in Lynchburg, Virginia, on June 23, 1906, 
with a social background that fitted him for rare attainment in scho- 
lastic achievements. 

“At the age of eighteen years he graduated from the Lynchburg High 
School at the head of his class. 

“The following faU he entered Davidson College, became a popular 



216 JoTTRNAL OF THE MiTGHSLL SOCIETY [December 

student on the campus, and early in his college course was outstanding 
in literary and scholastic activities. 

^^He was a member of the Eumenean Literary Society, the Interna* 
tional Relations Club, Omega Phi Alpha, Gamma Sigma Epsilon, and 
Phi Beta Kappa. He was a leader of the Sigma Phi Epsilon Social 
Fraternity and contributed largely toward placing this Fraternity first 
in scholarship at Davidson College. 

^^He graduated at Davidson as valedictorian in his class and won many 
honors during his college course, notably membership in Phi Beta Kappa 
and likewise in Gamma Sigma Epsilon, an honor Chemical Fraternity. 
His leadership in the above Chemical Fraternity brought to him the high 
honor of being elected as a Grand Officer. 

‘‘After his graduation in college he accepted a place as instructor in 
Chemistry at his alma mater which gave him opportunity of making 
this one of the most fruitful years in his study of Chemistry. When he 
completed this yearns work, he took up graduate work at Cornell Uni- 
versity. He was a teaching assistant at Cornell in 1930 and received 
a fellowship each year afterwards until he was awarded his Ph.D. degree 
in 1933. 

“Conspicuous honors fell to him at Cornell, being elected to member- 
ship in Sigma Xi, Alpha Chi Sigma, and Phi Kappa Phi. 

“From 1933 to 1935 he was an assistant professor at George Washing- 
ton University and received a call as associate professor of chemistry at 
Davidson College in 1935. 

“His rare combination of geniality, sincerity, high ideals as a teacher, 
and his unselfish zeal in helping and encouraging students made him a 
much liked teacher from the very start, and he promised to make a 
professor in the college, outstanding in character, service, and per- 
sonality. 

“As proof of his zeal in science, we cite the fact that during his first 
year as professor at Davidson he joined the North Carolina Academy of 
Science and the American Chemical Society. 

“Already he, in conjunction with one of his colleagues at George 
Washington University, published a laboratory manual in general chem- 
istry and a number of articles were published in the Journal of the Amer- 
ican Chemical Society. 

“Truly a gracious ^d beautiful character has passed on to his award. 

“May his unselfish conduct, his uplifting influence, and his noble 
example continue to bless his loved ones and his friends through the 
eternal years. 
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‘‘The Academy deeply mourns his loss and extends sincerest sym- 
pathies and condolence to his bereaved family/' 

H. B. Arbuckle, 

W. L. Porter, 

O. J. Tries, Jr. 

Committee, 

Bert Cunningham, representative of the Academy to the A. A. A. S. 
reported as follows: 

“Some thirty representatives of the various academies attended the 
Academy Conference for 1936-37. The program consisted largely of 
the reports of the activities of the various academies in addition to 
their usual annual programs, A number of academies reported espe- 
cially helpful relations with Junior Academies. It became evident 
during the progress of the meeting that there were important problems 
which academies should face, such, for example, as securing funds for 
research, initiating suitable legislation for academic freedom, and pro- 
viding proper publication for scientific work. The dinner given by the 
A. A. A. S. was well attended. Dr. Bilsig was re-elected as secretary 
for a three year period. 

“The Coimcil this year handled only matters of routine. The organ- 
ization of a southern-eastern section of the Association was not brought 
up. A full report of the Coimcil actions has already been printed in 
Science, Richmond has been selected as a meeting place for 1938-39 
and it is to be hoped that the members of this Academy will aid in every 
way possible to make that meeting a success." 

The general resolutions committee, consisting of J. P. Givler, chair- 
man, R. J. Campbell, and E. E. Randolph, presented the following 
resolution : 

“The North Carolina Academy of Science wishes to express its great 
appreciation of the manner in which it has been entertained by 
.Catawba College. 

“We desire to express our thanks for the hospitality of the College at 
the complimentary supper, at the dramatic entertainment, and the 
reception, and for the gracious manner in which the students of Catawba 
College assisted in the registration and in the posting of. the progress of 
the papers of the different sections during the meeting," 

The nominating committee submitted the following nominations: * 

Pteeident: W. E. Speas, Wake Forest College; 

Vice^Preeidefnt: M. L. Braim, Catawba College; 
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New member of the Executive Committee (for three years) : R. F. Poole, 
North Carolina State College of the University of North Carolina; 

Two new members of the Committee of the A. A, A. S, Orant (for three 
years): G. W. Hargitt, Duke University, R. N. Isbell, Wake Forest 
College; 

Representative to the A, A. A. S.: Bert Cunningham, Duke University. 

The nominations were accepted and the secretary was instructed to 
cast the ballot of the Academy for the nominees. 

The president then announced the appointment of the following 
committees: 

The Legislative Committee: H. F. Prytherch, chairman, B. W. 
Wells, W. F. Prouty. 

The Conservation Committee; J. S. Holmes, chairman, J. P. Givler, 
C. F. Korstian, W. C. Coker, H. J. Costing. 

The High School Science Committee: Bert Cunningham, chairman, 
H. B. Arbuckle, Mrs. B. W. Wells, C. E. Preston, R. J. Campbell, Mary 
Conrad Cleaver. 

The Committee on the Phipps and Bird prize: J. N. Couch, J. B. 
Derieux, J. P. Givler, Annie Pegram, O. J. Thies, F. A. Wolf. 

The Elective Appraisal Committee: to stand with no changes. 

The business meeting then adjourned. 

At 6:30 the Academy and visitors were entertained at a complimen- 
tary barbecue supper on the College Campus. 

At 7:30 the local dramatic club entertained the Academy with a one 
act comedy, ‘‘There are none of them perfect.” 

At 8:30 the evening meeting was held with the vice-president, C. F. 
Korstian, presiding. The address of welcome was made by Howard R. 
Omwake, president of Catawba College. This was followed by the 
presidential address, entitled “The Interdependence of the Sciences,” 
by the retiring president P. M. Ginnings. 

On Saturday morning the Academy met in sections. Vice-president 
C. F. Korstian presided over the General Section; J. M. Clarkson over 
the Mathematics Section; and Milton L. Braun over the Physics Sec- 
tion. Tjie North Carolina Section of the American Chemical Society 
did not hold a meeting at this time and the election of officers was done 
by mail. 

The following officers were elected by the respective sections: 

Mathematics Section: Chairman, J. J, Gergen, Duke University; 
Secretary, Archibald Henderson, The University of North Carolina. 

Physics Section: Chairman, J. B. Derieux, North Carolina State 
College; Secretary, F. W. Lancaster, North Carolina State College. 
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North Carolina Section of the American Chemical Society: Chairmani 
W. C. Vosburgh, Duke University; Vice-President, R. N, Isbell, Wake 
Forest College; Secretary-treasurer, E. C. Markham, The University 
of North Carolina; Councilors, D. G. Hill, Duke University; R. W. 
Boat, The University of North Carolina; Executive Committee, the 
officers and C. S. Black, Wake Forest College; W. A. Reid, North 
Carolina State College; Edward Mack, the University of North Caro- 
lina; W. E. Jordan, North Carolina State College. 

The following papers were presented. Those marked with * appear 
in full in this issue; those marked x are abstracted with the Proceedings; 
those marked f were read by title. 

GENERAL SECTION 

Additional Sources of Androsterone, M. D. Kritzer and Bert Cxtn- 
NINGHAM, Duke. 

fx Caves of Yucatan, A. S. Pearse, Duke. 

fx A Photoelectric Device for Rapid Measurement of Leaf Areas (Lantern). 
Paul J. Kramer, Duke. 

'^Development of the Perithecium of the AscomycetCf Sordaria fimicola 
(Opaque Projector). Don Ritchie, U. N. C. 

Paraffin Crystals: Spiral and Other Forms (Lantern). Charles M. 
Heck, N. C, State. 

Methods of Research in Soil Fertility (Lantern). L. G. Willis, N. C. 
State. 

Fungus that Catches Nematodes (Lantern and Opaque Projector). 
John N. Couch, U. N. C. 

A New Species of Rozella Parasitic on Alhmyces (Lantern). Frances 
K. Foust, U. N. C. 

Published in full in this Journal 63 : 197-204. 1937. 

Surface Tension of Water at Low Pressures (Lantern). A. A. Dixon, 
N. C. State. 

The Primary Wall of the Cotton Fiber (Lantern). Donald B. Anderson, 
N. C. State. 

Secondary Wall Deposition in the Cotton Hair (Lantern). Thomas 
Kerr, N. C. State. 

Survey of the Fungi of the Duke Forest, Frederick A. Wolf, Duke. 
Cytohgical Observations on Thravstotheca clavata (Lantern and Opaque 
Projector). Leland Shanor, U. N. C. 

Published in full in this Journal 63: 119-136. 1937. 

X Direct Appraisal of Available Cellulose in Wood for Pulp Yields, E. E. 
Randolph, N. C. State. 
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X The Wind tie a Sorting Agent. G. R. McCabthy and J. W. Httoole, 
U. N. C. 

X Endosperm Development in the Araceae (Laatem). Mobbat F. BusUi, 
N. C. State. 

Varietal Differences in the Vitamin C Content of Tomatoes (Lantern). 

G. Howabd Sattbbfield and Fbancis Tbipp, N. C. State. 
Oedodadium Lewisii, a New Oreen Alga (Lantern). L. A. Whitfobd, 
N. C. State. 

Mileage of Different Gasolines and at Different Speeds (Opaque Projec- 
tor). J. B. Debieox, N. C. State. 

Wintering of Honeybees in North Carolina: Some Recent Results (Lantern). 
F. B. Meacham, N. C. State. 

X Influence of Parathyroid Extracts on Growing Bone. Robebt B. Bub- 
bows, Elon College. 

X '^Permian." Willabd Bebby, Duke. 

X Notes on Buckleya and Pyrularia (Buffalo-Nut). H. R. Totten, 
U. N. C. 

Archaeology in North Carolina. Joffbe L. Coe, U. N. C. 

X Granite Intrusion in Eastern Wake County, North Carolina. John M. 
Pabkeb, N. C. State. 

X Volcanic Rocks in the Eastern Piedmont of North Carolina. J. L. 
Stuckey, N. C. State. 

X Control of the Oyster Drill (Motion Picture). Hebbebt F. Pbythebch, 
U. S. Bureau of Fisheries, Beaufort. 

Effect of Some Fats on Gastric Motility (Lantern). Hebbebt C. Tid- 
well, Wake Forest. 

X Asheville, a Sttidy in Urban Geography. Mabtha E. Nobbubn, Bilt- 
more. 

X A New Qualitative Test for Selenium. H. A. Ljuno, Guilford College. 
Air Cells in Snow Crystals and Other Forms of Ice (Lantern). Chables 
M. Heck, N. C. State. 

X Lactogenic Substance in Reptile Pituitaries (Lantern) . Bsbt Cunning- 
ham, Duke. 

Utilization of Whole Cotton. Fbank K. Cahbbon, U. N. C. 

X The Nomenclature of Fractures. Gboveb Mubbay, U. N. C. 

MATHEMATICS SECTION 

The Synbolic Calcultls of Two Variables Applied to the Heat Equation. 
F. G. Dbesbel, Duke. 

X On the Classification of Collineations. J. W. Lasley, Jb., U. N. C. 
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League Integrals and Riemann Sunu, J. J. Geboen, Duke. 

Century Old Problem in Evclidian Geometry: A Basic Study with 
Ten New Solutions. Archibald Henderson, U. N. C. 

X Sets of Conjugate Matrioes. E. T. Browne, U. N. C. 

PHYSICS section 

X Chemical Analysis by Means of Infrared Spectra (Lantern). E. K. 
Plylbe, U. N. C. 

The Effect of Pressure Changes on the Appearance of the High Frequency 
Glow Discharge (Lantern). Sherwood Githens, Jr., Wake Forest. 
Gasoline Mileage in Terms of Octane Rating and Volatility Number 
(Opaque Lantern). J. B. Derieux, N. C. State. 

X Cosmic Ray Showers Produced in Large Thickness of Various Materials 
(Lantern). Karl Z. Morgan and W. M. Nielsen, Lenoir-Rhyne 
and Duke. 

X Plastic Give and Recovery in Stretched Neoprene (Lantern). Milton 
L. Braun, Catawba. 


exhibits 

Photomicrographs of Paraffin Crystal Forms, Charles M. Heck, 
N. C. State. 

Destruction of Oysters by Drills, Herbert F. Prytherch, Beaufort. 
Influence of parathyroid extracts on growing hone. Robert B. Burrows, 
Elon College. 

North Carolina Shore Birds, Frazer G. Poole, Catawba College. 

The following abstracts have been received: 

Caves of Yucatan. A. S. Pearse. 

The caves in Yucatan are of particular interest because they have for 
centuries served as sources of water for Mayas and therefore played an 
important r6le in the development of Mayan culture. During the sum- 
mer of 1936 twenty-seven caves were studied. Air temperatures ranged 
from 22.0® to 27.9 ’C®; water temperatures, 22.0® to 27.2 ^C®; humidities, 
90.2 to 100%. Five species of fungi have been cultured by Dr. F. A. 
Wolf from debris brought from caves. Nineteen papers have been 
prepared by specialists on the animals collected, which include land 
planarians, trematodes, cestodes, nematodes, oUgochaetes, leeches, 
gastropods, copepods, ostracods, shrimps, isopods, schizopods, thysa- 
nurans, collembolans, cave crickets, cockroaches, beetles, ^es, mosqui- 
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toes, ants, wasps, parasitic hymenopterans, fleas, millipedes, centipedes, 
spiders, mites, ticks, whip scorpions, pseudo-scorpions, fishes, lizards, 
snakes, and mammals. Most of the tsrpes collected were trogloxenes, 
but there were some troglophiles and trogldbites. Blind species in- 
cluded shrimps, isopods, schizopods, collembolans, ants, millipedes, 
mites, brotulid fishes, and a symbranchid eel. 

A Photoelectric Device for Rapid Measurement of Leaf Areas, Paul J. 

Kramer. 

By the use of a photoelectric apparatus leaf areas can be measured 
much more rapidly and with nearly as great accuracy as by any of the 
methods ordinarily used. The leaves are placed on a ground glass plate 
interposed between a light source and a photoelectric cell which is con- 
nected to a microammeter. The deflection of the microammeter is 
inversely proportional to the amount of light intercepted and hence to 
the area of the leaf or leaves. By plotting the microammeter readings 
for pieces of leaf of known area a curve can be drawn from which the area 
corresponding to any observed reading can be quickly determined. 
The apparatus described by the writer has two improvements not found 
in those previously described. A cone of polished aluminum was in- 
serted between the ground glass plate and the photoelectric cell. This 
concentrates the light on the cell so that a light source of much lower 
intensity can be used. It also reduces positional error. A resistance 
was inserted in the light source circuit permitting adjustment of the 
light intensity to compensate for variations in line voltage. These 
features have appreciably increased the accuracy and made it possible 
to use the apparatus in spite of considerable variations in intensity of 
the light source. 

Direct Appraisal of Available Cellulose in Wood for Pulp Yields. E. E. 

Randolph. 

The interest in pulp and papermaking in the South has been greatly 
increased during the past year. At present companies are erecting ten 
large new pulp mills; one in Virginia, one in North Carolina, two in 
South Carolina, two in Georgia, two in Florida, one in Arkansas and 
one in Texas. Two of these mills are just beginning operation. It is 
reported that the total cost of these mills is over sixty-six million dollars. 
Negotiations are in progress concerning the building of other mills for 
pulp and news-print paper in the South. There are several reasons for 
such large investments in new paper industries. The longer growing 
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season and the fertile soil account for the rapid growth of timber to 
marketable size within about twenty years, whereas in northern lati- 
tudes trees must become thirty-five or forty years of age before they are 
of marketable size. The climate assures all year round operation at 
full capacity. There are ready markets. There is a plentiful supply 
of suitable water. There are good highway, railway, and water ship- 
ping facilities. There is a suflBicient supply of skilled and common 
labor. Already an enormous supply of pulp and paper is being pro- 
duced in the South. In North Carolina, for example, is located one of 
the largest paper mills in the world producing daily between four and 
five hundred tons of pulp and paper and there are in active operation 
also two other paper mills in the state. 

The essential part of wood for pulp making is cellulose. This material 
forms cell walls of plants. There are in plants and trees various other 
constituents besides cellulose. In order to make good paper, it is neces- 
sary to remove the other constituents from the wood and leave the cellu- 
lose in as pure form as possible. In the mechanical process for making 
pulp none of the other constituents is removed from the cellulose. 
The total weight therefore of the dry log goes into pulp. In the chemi- 
cal process, however, the other constituents are removed from the cellu- 
lose to a greater or less extent so that from 50 to 60 per cent of the 
weight of the wood yields pulp. 

The purchasing agent of the company buys lots of wood on the basis 
of the cellulose content in the wood which can be realized in the digester 
yields. It is important that a reliable method may be available to de- 
termine the cellulose content of the wood which may reasonably be 
expected to represent the yields which can actually be made on the plant 
runs in the mill. Different methods have been devised for determining 
cellulose content of the plants. The most important of these methods 
is the Cross and Sevan method. Unfortunately, this method takes 
considerable time and does not always gives yields which can be dupli- 
cated in the plants. The importance of a method which does give 
results comparable to what may be expected in plant yields is apparent. 
The object in this investigation was to see if a direct method could be 
devised which would be accurate, dependable, and capable of being 
performed in a short time. 

This research was carried on in the Chemical Engineering Department 
of State College during the year and satisfactory results were obtained. 
The plan pursued is to build a small constant temperature oil bath 
regulated by automatic control so that the temperature does not vary 
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more than one-half of one degree. Small st^less steel digesters are 
used. The wood under examination is sawed with a coarse circular 
saw and the sawdust is carefully screened. It is then placed in auto- 
clave with the digestive liquor. In this work the sulphite liquor was 
used. Time is gained by using sawdust rather than the commercial 
size chips in the digester. The digestive liquors penetrate the chips in 
a digester by capillary action. It is slow in permeating the interior 
chips. By having sawdust instead of chips the penetration of the liquor 
is rapid. In this way an actual cook of the wood can be made within 
three or four hours whereas the Cross and Bevan method required two 
to three days work. The outfit is reasonably small and portable and 
can be taken from place to place and used wherever electric current is 
available to run the motor and operate the automatic electric heat 
device. The purchaser therefore can with a small amount of trouble 
make a determination on a cellulose content of the wood which will give 
him such information that he can pay the farmer a price on the assur- 
ances that he can duplicate the yields in cellulose in the plant operation. 
The farmer can be assured that he is receiving the full pay for the value 
of his wood. A sufiScient number of digestions and examinations were 
made to satisfy ourselves that this direct appraisal method gives accu- 
rate and dependable results. 

The Wind as a Sorting Agent. G. R. McCabthy and J. W. Huddle. 

It is well known that the grains of dune sands are rounder than the 
grains of beach sand, and this difference is usually ascribed to greater 
abrasion (caused by mutual attrition) suffered by the wind-blown sands. 
Field evidence shows that dune sands which have been shifted too short 
a distance by the wind to have suffered appreciable abrasion are never- 
theless distinctly rounder than the beach sands from which they were 
derived. Experimental evidence has now been obtained which shows 
that the superior roundness of dune sands is largely due to a selective 
action by the wind, the rounder grains moving more readily and hence 
being concentrated in the dunes. This movement under the influence 
of the wind does not seem to be one of rolling, but rather one of jumping, 
or saltation, the individual leaps of the rounder grains carrying them 
farther than the more angular ones. 

Endosperm Development in the Araceae. Mubbat F. Buell. 

Of the three types of endosperm development, the nuclear type in 
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which endosperm formation is initiated by a period of free nuclear divi- 
sion, is the most common in the angiosperms. The cellular typ^i in 
which each division from the very first is accompanied by wall forma- 
tion, is much less common. A third, the basal apparatus type, is often 
spoken of as the Helobiae type since it is so characteristic of that group. 
In this type at the first division of the primary endosperm nucleus a 
wall is laid down dividing the embryo sac into two cells. In each of the 
resulting two cells further endosperm development is different. The 
micropylar cell may have nuclear or cellular endosperm while the basal 
cell may remain undivided and even enlarge into a huge haustorial cell. 
Nuclear endosperm may be produced or even cellular endosperm but 
always this basal apparatus is of distinctly different nature from the 
rest of the endosperm. That the basal apparatus may sometimes be 
even more fundamentally different is indicated by a study of Acorns 
Calamus in which the basal cell is apparently cut off before the pollen 
tube enters. If double fertilization does occur then the tissue produced 
in the upper cell is triploid and that in the basal cell is diploid. 

Infltience of Parathyroid Extracts on Growing Bone. Robert B. Bur- 
rows. 

Studies were made of the effects of two different parathyroid extracts 
on the bones of immature albino rats with the purpose of observing the 
detailed changes in the bones and the probable method of mobilization 
of the excess calcium found in the blood during hyperparathyroidism. 
Parathyroid extracts cause a condition of osteitis fibrosa just as does 
hypersecretion of the parathyroid glands. This, however, soon gives 
way to a different condition, called ‘‘marble bone disease,” which con- 
sists of hypercalcification rather than a fibrous state, and is not char- 
acteristic of true hyperparathyroidism. 

Although CJollip^s and Hanson's extracts are supposed to affect blood 
calcium to the same extent, they do not affect bone to the same degree, 
when given in equivalent doses. Collip's is much more pronounced in 
its effects. 

Osteoclastic activity appears to follow decalcification and not to be 
the cause of it during the production of osteitis fibrosa. The under- 
l 3 ring causes of decalcification, anti-extract formation, production of 
marble bone disease, and subsequent events appear to be chemical in 
nature and to be due to the impurities in the extracts. Since parathy- 
roid extracts do not duplicate true h 3 rperparathyroidism, but bring 
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into prominence several anti-body-like activities, they should be used 
with more caution in therapeutics and conclusions derived from experi- 
mental work should be evaluated carefully. 

^‘Permian." Willard Berry. 

The Permian in eastern North America was separated from the Upper 
Carboniferous in the year 1880 by Fountain and I. C. White on the basis 
of the fossil plants found in the Cassville shale which lies on top of the 
Waynesville No. 11 coal. It has been recognized that the location of 
this boimdary was more or less arbitrary but at that time no other 
evidence was available. Recently this boundary has been subject to 
discussion and various lines of evidence have been advanced either to 
prove its location or to change it, op or down in the section. In this 
instance the author advances the possibility that due to the appearance 
of red beds in the middle Conemaugh the boundary should be moved 
down to the base of that horizon; by explaining the occurrence of the 
red beds as evidence of organic movement or of a climatic change conse- 
quent upon organic movements of considerable magnitude to the east- 
ward. . 

Notes on Buckleya and Pyndaria (Buffalnmut). H. R. Totten. 

Herbarium specimens were shown and the history and distribution 
of what W. W. Ashe called “our largest known American parasite,” 
Buckleya distichophylla (Nutt.) Torr., was reviewed. Previously it 
had been reported only from the banks of the French Broad River in 
east Tennessee and in North Carolina and from the banks of the 
Pigeon River in Haywood County, North Carolina. A new location 
and state for this interesting plant was reported, viz., the bank of 
Dismal Creek in Bland County, near the Giles County line, in Virginia, 
where with a class from the Mountain Lake Biological Station of the 
University of Virginia, we found it growing under Tsuya canadensis. 

Herbarium specimens were also shown of Pyrularia pvbera Michx. 
This plant has a rather wide distribution through the moimtains and 
upper piedmont of our region. It is found associated with quite a 
variety of'plants and its rather elaborate underground runner system, 
connecting what at first appears to be separate plants, shows little 
connection with the surrounding plants. While not questioning the 
proof that it is sometiifies a parasite, the question is again raised as to 
whether it is an obligate parasite or can also exist independently. 
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Oranite Intrusion in Eastern Wake County ^ N, C. John M . Parkeb, III . 

Preliminary work on the detailed mapping and description of the 
geology of Wake County, by Dr. J. L. Stuckey and the writer, has 
brought to light a number of structural features related to a Carbonif- 
erous granite batholith. The eastern third of the county is underlaid 
by biotite granite, intruded into Pre-Cambrian gneiss, schist, slates, 
and metamorphosed volcanic rocks. The boundary lines of the granite 
are regular, straight, and nearly always parallel to the foliation in the 
walls. The country rock has been much altered by lit-par-lit injection 
between the laminations, by soaking with granitic solutions, by the in- 
trusion of a net-work of pegmatite dikes and quartz veins, by the de- 
velopment of fracture cleavage dipping at 20-25 toward the intrusion, 
and by displacement along small thrust faults in the same position. 
The granite contains abundant inclusions in a zone some two miles wide 
along both sides. Individual inclusions range up to half a mile wide by 
two miles long, and are granitized and crumpled. The planes of flowage 
of the magma are well preserved in the parallel orientation of biotite 
flakes, tabular feldspar crystals, and small inclusions. They tend in 
most instances to be vertical or to dip eastward at high angles, and to 
be parallel to the contacts and the foliation of the walls. The intrusion 
is composite, being in places gray and even-grained, in others gray, 
coarse and porphyritic, and in one area pink from abundant microcline. 
The presence of zones of excellent flow banding and marginal thrusts 
in the interior of the granite indicate that these varieties represent sepa- 
rate intrusions in a composite batholith. 

Volcanic Rocks in the Eastern Piedmont of North Carolina, J. L. Stuc- 
key. 

Volcanic rocks, all of pre-Cambrian age and the same general physical 
characteristics, occur in three distinct areas along the eastern part of 
the Piedmont Plateau. 

First, and most important, is the slate belt which crosses the state in 
a general northeast-southwest direction and varies in width from 20 to 
60 miles. The slate belt includes parts or all of the counties of Union, 
Stanley, Montgomery, Davidson, Randolph, Chatham, Orange, Dur- 
ham, and Person. 

The second area is a narrow zone along the western parts of Wake 
County, crossing the east central part of Granville and the northwest 
comer of Vance. 
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The third area is represented by a series of out^crops along the west- 
ern edge of the Coastal Plain. These out-crops are exposed chiefly 
along the river valleys eastward as far as Weldon, Rocky Mount, Golds- 
boro, and Erwin. 

Recent field work by the writer indicates that the extent of these 
volcanic materials along the western part of the Coastal Plain is much 
more extensive than indicated on any published map or in any avail- 
able reports. It seems very probable that the whole western part of 
the Coastal Plain as far east as Erwin, Goldsboro, Rocky Mount, and 
Weldon is underlaid with volcanic rocks. Between streams these are 
covered with a thin veneer of Coastal Plain material. The strike-and- 
dip of the cleavage in these rocks varies widely from place to place, in- 
dicating that the processes of metamorphism have been exceedingly 
complex in these areas. 

Control of the Oyster Drill H. F. Prytherch. 

Two species of marine snails, Urosalpinx cinerea and Eupleura cavdata 
destroy seed and adult oysters valued at several million dollars annually. 
Investigations conducted in the Seaside region of Virginia and in North 
Carolina show that control of these drills or borers is possible by means 
of traps and by their removal during oyster culling operations. Drills 
are strongly attracted to seed oysters which are used as bait in traps 
made of chicken wire. The traps are arranged at intervals of 10 feet 
on a 250 foot rope line, which is fished weekly and the drills removed 
by vigorous shaking. 

In experimental trapping operations a total of 320,880 drills (78.6 
Urosalpinx and 21.4 Eupleura) were collected by the use of 4,750 traps 
over a period of 3 months. The most efficient procedure is to operate 
each trap line in successive radial positions with one end of the line 
stationary. By shifting the line 45 degrees after each fishing it is 
possible to remove virtually all of the drills from 4 acres of bottom in 
approximately 3 months. 

Field studies of the drill population on representative tidal flat areas 
indicate that there are over 35,000,000 of these pests on the public and 
private oyster beds of the Seaside region. Studies of the rate of feed- 
ing of drills, conducted under natural conditions show that 100 drills 
can destroy over 125 seed oysters and 90 adult oysters in one month. 
Therefore, it is possible for the drills of this region to destroy nearly 
half a billion seed and adult oysters in one summer season. The de- 
pleted condition of the natural beds and the poor yield from oyster 
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cultivation operations in this section is due primarily to the destructive 
habits of these pests. 

Asheville: A Study in Urban Geography, Martha E. Norburn. 

Although so isolated by mountain barriers that settlement was de- 
layed until after the Revolution, Asheville has become a cosmopolitan 
city. It owes its growth to its commanding position at the convergence 
of communication routes in the heart of the Southern Appalachians. 

English and Scotch-Irish pioneers penetrated rugged passes in the 
rim of mountains; followed animal and Indian trails whose pattern was 
determined by range, gap, and stream; built cabins; and, in 1792, 
organized Buncombe County. 

The county seat, Morristown, was located near the confluence of the 
Swannanoa and French Broad rivers and at the crossing of the east- 
west and north-south trails. Population increased through the desire 
for land; through health seekers who found the climate of subdued 
mountains in the Virginia belt beneficial; and through scientists who 
came to study landforms and vegetation. 

In 1797, the village of Morristown became the town of Asheville. 
Stock driving from the Mississippi Basin to the Atlantic Seaboard, the 
tobacco boom, and the railroad combined to increase population. In 
1883, Asheville was created a city. Its growth has since been aug- 
mented by industries and by roads whi(»h serve the National Forests 
and the Great Smoky Mountain National Park. 

The business zone has been altered to accommodate traffic, the 
‘‘Square'^ dedicated to the crossing of highways, and a moimtain tun- 
neled. The pattern is still radial and conforms to the topography. 

A seasonal population travels the roads. However, as the gaps and 
ancient trails control the communication pattern, the descendants of 
the English and Scotch-Irish pioneers determine the permanent pattern 
of population. 

A New Qualiiative Test for Selenium, H. A. Ljung. 

Within the past few years the element selenium has commanded 
considerable attention. It has been shown that plants take up selenium 
from soils in which it occurs, and that the plants which have taken up 
the selenium are toxic when used as foods for animals. Dr. Knight,^ 
Chief of the United States Bureau of Chemistry and Soils, tells intei;- 
estingly of the selenium problem in this respect. He relates that such 

1 Knight, H. G.; Sigma Xi Quarterly 2S: No. 1, 1937. 



230 


Journal of the Mitchell Society 


[December 


diseases as ‘^alkali disease’^ and ^'blind staggers” are due to selenium 
poisoning, and that thousands of cattle and sheep succumb annually 
from eating plants which contain selenium. Dr. Franke of the South 
Dakota Experiment Station, now deceased, also writes of his experiences 
and researches on this problem.* 

In addition to the attention selenium has attracted from this quarter, 
it has found use in the production of stainless steels. 

This great selenium problem of the west and the uses of selenium in 
steels has attracted the attention of the analytical chemist, and as a result 
new methods for the qualitative detection and quantitative determina- 
tion of the element have been developed. The methods commonly 
employed are the distillation method using bromine-hydrobromic acid 
solution, and the reduction methods using such reducing agents as sul- 
fur dioxide, potassium iodide, etc. The reducing agents commonly 
employed are unsuitable as standard solutions, hence a reagent which is 
stable and can be conveniently standardized would be more desirable. 

The use of the thiocyanate ion as a standard reducing agent in other 
analytical reactions has suggested its possible use as a reagent for the 
reduction of selenious acid. No references are available in the litera- 
ture concerning such a reaction, and no theoretical considerata are 
available concerning the possibilities of the reaction taking place, hence 
it was necessary to try out the possibility experimentally. It was 
found that the thiocyanate ion is capable of reducing the selenite ion 
in solutions acid with hydrochloric acid. (The reaction also takes 
place in solutions acid with sulfuric acid; however, as yet this work 
is incomplete. A report will be made later concerning the reaction 
in sulfuric acid solutions.) The selenium is precipitated as red metallic 
selenium in high concentrations of selenium; as a yellowish green 
precipitate in low concentrations; and as an almost white precipitate 
in exceedingly low concentrations. The precipitate is usually finely 
divided, remaining suspended for almost an hour. Hydrogen sulfide is 
also one of the end-products of the reaction. Unfortunately this work 
has not progressed far enough to permit the writing of an equation to 
represent the reaction between the ions. However, work has been 
done whifeh reveals some of the properties of the reaction, as follows: 

(1) The reaction takes place rather slowly and incompletely in solu- 
tions less than six normal in hydrochloric acid. At higher concentra- 
tions of acid the reaction proceeds rapidly and quantitatively. 

(2) The reaction takes place only slowly at room temperature — ^re- 

* Franke and Painter, Ind. Eng. Chem. 29: 591-95, 1937. 
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quiring more than thirty hours for completion when as little as 2.5 mg. 
of selenium is present. The reaction proceeds rapidly at temperatures 
above 60®C. ; and is quite rapid at the boiling-point of the solution — 
requiring only 20-30 seconds for completion with small quantities of 
selenium. 

(3) Volumetric relationships indicate that there is a stoichiometric 
ratio between the ions involved. 

(4) The reaction may be carried out in the presence of the common 
metals^ with the exception of divalent iron, divalent tin, and trivalent 
antimony. 

(5) The reaction is capable of detecting as little as 1 part of selenium 
in 38,000,000 parts of solution. 

Having learned these properties of the reaction, attempts are now 
being made to discover an equation which represents the reaction be- 
tween the ions. Attempts are also being made to apply this reaction 
to the quantitative determination of selenium in soils, plants, and steels. 

Lactogenic Substance in Reptile Pituitaries. Bert Cunningham. 

As is well known, the pituitary is the seat of secretion of a variety of 
endocrinal substances; the number accepted depending upon the school 
to which one belongs. There seems to be little doubt however as to the 
validity of prolactin. 

Since the chemical formula of this substance has not been deter- 
mined, and since the identity of the material in the turtle pituitary has 
not been established, it seems preferable to use the term lactogenic sub- 
stance in this paper. 

Prolactin is rather unique in that it produces responses of consider- 
ably different natures and upon different organs in birds and mammals. 
In pigeons and doves it affects the crop glands and in the latter the 
mammary gland, two structures which have nothing in common in 
origin. In the hen, which has neither the crop gland nor mammary 
glands, injection of prolactin produces, according to Riddle, a broodi- 
ness, which has led to the idea that it is a sort of maternal-instinct gland. 

Since reptiles for the most part have no interest in their young, and 
since mating procedures are dependent upon secretions from gonad and 
pituitary (G. S. H.) it was thought worth while to look for prolactin in 
reptile pituitaries, and if found, to make more or less crude assays. 

This has been done m five species of turtles, namely Terrapene caro^ 
Una, Chrysemys picta, Pseudemys troosti, Pseudemys hieroglyphica, anTi 
Pseudemys eUgans. The animals of the first two species were taken on 
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Long Island while the others were secured from the Carolina Biological 
Supply House. The pituitaries of the T. Carolina were preserved in 
acetone for several weeks; those of the latter were either implanted 
immediately on removal or kept frozen until used. 

Although the local stimulation technique may demonstrate smaller 
quantities of the factor, it seemed better to follow, in general, the crop- 
gland weight technique of Riddle in these experiments. Subcutaneous 
implants were made over the breast muscles. The results are shown in 
the accompan3ring table. 


PBOLACTIN IN TOKTtM PTHTlTARiat 


BPBCIXB 

Dftt« taken 

i 

Average 

we^ht 

implants 

Number 

of 

implants 

Test animal 

Mg. of 
pitui- 
tary jper 
unit 

T. Carolina* 

June 



Pigeon 


C, picta 

Aug. 



Dove 

5.0 

P. hieroglyphtca 

Sept. 



Pigeon 


P, troosti 

March 



Dove 


P. elegana 

March 



Dove 

5.0 


* Preserved in acetone. 


While these assays are not as accurate as they might be if made on 
an ‘^endocrine stock'' such as used by Riddle they show quite clearly 
that prolactin does occur in assayable quantities in the pituitaries of 
chelonians. 

At a later time E. M. Nixon and Martha Tanner, working in my 
laboratory, demonstrated the presence of a lactogenic substance in the 
pituitaries of the pine lizard, Scelopoms undulatus, and in the turtle 
Emys hlandingi. They also repeated the assays of the box turtle and 
painted turtle pituitaries and secured results comparable to my previous 
assay. 

The presence of a lactogenic substance in the pituitaries, therefore, 
has been demonstrated for six species of turtles and one lizard. The 
assays while crude show a considerable quantity of the factor in the 
glands of these reptiles. 

The Nomenclature of Fractures. Grover Murray. 

The lack of existing specific fault, joint, and fracture cleavage termi- 
nology has instigated the writer to attempt a revision of these terms 
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without introducing an entirely new system of nomenclature. Con- 
temporary usage involves a combination of structural, genetical, dy- 
namical, and geometrical terms. Obviously, a dynamical or genetical 
term or classification cannot precede a structural, descriptive, or geo- 
metrical one. The writer suggests, therefore, that use be made at all 
times of: (1) descriptive and suggestive terminology, (2) dynamical 
terms only after the causal stresses have been determined, and (3) terms 
related to local movement on faults as defined by the Geological Society 
of Americans Committee on Fault Nomenclature. 

Descriptive terms have been applied to joints and to fracture cleavage, 
and modifications have been made in many of the fault definitions. The 
writer urges that the terms be used as defined therein and that their 
descriptive, structural, and geometric bases be retained. 

Since the report of the Geological Society of Americans Committee 
on the Nomenclature of Faults, professional writers have largely stand- 
ardized many fracture terms. Other terms, however, have failed to 
become standardized. These disputed terms have been re-defined as 
specifically as possible. Existing, undisputed terms have been as- 
sembled for completeness. 

On the Classification of Collineations. J. W. Labley,. Jr. 

This paper presents a classification of non-singular collineations in 
the plane by reducing all cases to a common canonical form in which 
the matrix is that of Jordan. Attention is directed to the collineation 
itself rather than to derived properties of it which may or may not be 
applicable to a particular case. Assumptions as to incidence relations 
among the double elements are avoided. Instead of proving, as is 
customary, a number of theorems relative to incidence, one such theo- 
rem is proved; namely, that all non-singular collineations in the plane 
have at least one double line and at least one double point on it. With 
this as a point of departure all collineations regardless of the nature of 
the roots of the characteristic equation and of the rank of the character- 
istic matrix are put into one common form, which exhibits incidence 
relations among the double elements common to all cases. Thematricial 
setting of the problem is emphasized. Assumptions as to rank fall 
naturally into place. A fuller use of duality is made than ordinarily. 
The presence and the effect of the background of linear substitutions is 
pointed out. Incidence properties of the various cases follow naturally 
from the canonical expressions. Although avoiding the theory of 
elementary divisors, the treatment is that of algebra, utilizing geometry. 
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It makes available for the student a simplified first approach to the 
theory by developing the fimdamental unity back of seemingly diverse 
conditions. It makes possible an easy remembrance of the canonical 
forms for the separate cases. 

Seta of Conjugate Matrices, E. T. Browne. 

If JIf is a given square matrix of ordern, and if Afi, . . . , are 1 
matrices of the same order which possess the following properties: 

(1) The M^s are commutative in pairs; 

(2) If X is a scalar and /(X) a scalar polynomial in X such that the 
following identity holds: 

(I) (X -- M ) (X - JIf x) (X - « /(X), 

then Mif . . . , are said to constitute a set of conjugates to M. If 
t is the smallest integer for which an identity of the t3rpe I holds, the set 
of conjugates is called a reduced set Sets of conjugates have been 
studied by Taber, P. Franklin, E. Sokolnikoff, Pierce, Hermann and 
others. In this paper a thorough study is made of sets of conjugates 
and more general sets are obtained than those given hitherto. In par- 
ticular, a special study is made of cyclic sets. 

Chemical Analysis by Means of Infrared Spectra, E. K. Plyler. 

The line spectra of elements have been used to supplement chemical 
methods for the detection of the presence of elements. In the same 
manner infrared measurements can be used to detect the presence of 
molecules. Each molecule has a characteristic band spectrum. It has 
been foimd that an amount of 1/100 of one per cent water present in 
many organic liquids, such as the alcohols and acetone can be detected. 
By having a series of absorption curves for standard mixtures, the 
amount of water present in a liquid may be obtained. The work is 
being extended to include many different materials. 

Cosmic Ray Showers Produced in Large Thicknesses of Various Materials, 
Karl Z. Morgan and W. M. Nielsen. 

The apparatus used in these experiments consists of several Geiger- 
Muller counter outfits; each adjusted to register only coincident dis- 
charges of three or more counters. The data were recorded by electric 
relays on a moving tape. 

The first series of investigations was made on Beech Mountain (elev. 
4640 ft.). The variation of doubles with grams/cm.* of lead above the 
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counters was found. An arrangement was used which gave an ex- 
tremely low zero count of 6% of the maximum count. The experiments 
were repeated for iron absorbers. The maximums occurred at about 
20 gm./cm.* for lead and 60 gm./cm.^ for iron. The iron coincident 
counts at large thicknesses of scattering material were about 26% 
greater than for the lead. 

A transition curve from iron to lead was obtained by placing various 
thicknesses of lead under 274.16 gm./cm.® of iron. This curve indi- 
cated an initial rise to 13.12 gm./cm.* of lead under the iron. Then 
there was a rapid decline in coincidences until about 100 gm./cm.* of 
lead was placed below the iron. Beyond this point the transition 
absorption curve followed the lead curve characteristic. 

The 13.12 gm./cm®. of lead was placed above 274.16 gm./cm®. of lead 
and there was no increase in counting rate above the normal iron count. 
This seems to indicate a secondary multiplication process by which the 
heavier elements produce more cosmic radiation for softer producing 
radiation; — the mean free path is shorter in lead for soft producing 
radiation. 

The 13.12 gm./cm*. of lead was placed below various thicknesses of 
iron. These points were plotted and connected and the general slope 
of this curve was the same as that of the iron curve. 

Each material indicated a hard and a soft coeflScient of absorption. 
The absorption coefficients of air radiation in lead were .03 cm^./gm. and 
,0006 cm^./gm. ;of air radiation in iron they were .007 cm^./gm. and .00044 
cm^./gm. ; and of iron radiation in lead they were .009 cm^./gm. and .0006 
cm^./gm. This seems to indicate a marked dependence of the absorp- 
tion of this hard component of radiation upon mass. 

The semi-log plot of the weak component of radiation was extrap- 
olated and subtracted from the total coincident counts. This gave 
curves indicating second maxima of radiation. The second maxima 
were at about 200 gm./cm^. and 650 gm./cm^. for lead and iron respec- 
tively. The ratio of these two values was equal to the ratio of the gm./ 
cm^. of the first maxima for these materials. This might indicate that 
the same mechanism could account for the production of showers by 
this extremely penetrating producing radiation as by the softer produc- 
ing radiation. 

Next a series of experiments, using two counter outfits running simul- 
taneously, was made at Hickory, N. C, (elev. 1100 ft.). This gave a sqt 
of data showing the double, triple, and quadruple coincidences at vari- 
ous thicknesses of producing material. The quadruple maximum was 
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at a greater thickness than the triple or double niaxhna and there was 
a general symmetry between the three sets of curves obtained. This 
seems to be in further agreement with the multiplication theory of 
showers. 

With a set of counters arranged to count doubles and 274.17 gm./cm*. 
of lead above various thicknesses of iron a set of data was obtained. 
This gave an initial drop and then a rise to saturation with the iron 
curve as run at Hickory. This behavior may be explained by assuming 
a longer mean free path for radiation in iron. The rise to the iron curve 
is due possibly to the production of new shower producing radiation in 
the iron. All this evidence seems to be in agreement with the recently 
developed multiplication theory of showers. 

Plastic Give and Recovery in Stretched Neoprene. Milton L. Braun. 

A band in the shape of a closed hairpin 7 cm. long, cut from a 2 mm. 
slab of vulcanized neoprene, was subjected to a constant tension of 
slightly more than a kilogram, or of 1.20 X 10^ djmes per square centi- 
meter of original cross section, in a chamber having controlled tempera- 
ture in the range between 16 and 50 degrees Centigrade. The rate of 
change in length with change in temperature varied between —0.010 
to —0.028 cm. per degree for nearly a year. A steady rate was found 
to give way to a very sudden increase in length when a certain tempera- 
ture was attained. This was interpreted as a plastic give. Recovery 
from the plastic give was established on the new plane of length upon 
reduction of temperature, but the recovered temperature rate of change 
in length was always numerically greater than that before the give. 
These plastic excursions occurred at increasingly elevated temperatures. 
The duration of the stretch, the time of maintenance of a selected tem- 
perature, and the rate of change of temperature are factors which have 
not as yet been correlated with the plastic give or recovery. The speci- 
men of neoprene was supplied through courtesy of the Rubber Labora- 
tory of the E. I. DuPont de Nemours and Company, Incorporated. 

H. L. Blomquist, Secretary. 
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370th Meeting, October 13, 1936 

M. J. Rosenau: Epidemics of Influenza. 

A brief account of the history of influenza and its devastating pan- 
demics which sweep the world at irregular intervals, about a generation 
apart. The mystery of the disease and recent advances concerning the 
discovery of its cause in the shape of a filterable virus. The modes of 
transmission, period of incubation, and other salient factors concern- 
ing the disease were given. Experiments with the disease on Cape Cod 
in the two towns of Brewster and Chatham were related and experi- 
ments during the great pandemics of 1917 and 1918 on the cause and 
mode of transmission of the disease were described. 

3718T Meeting, Nov*ember 10, 1936 

S. E. Smith: Permeabilities of CeUulosic Films. 

The term "cellulosic films” includes films of regenerated cellulose and 
films of cellulose derivatives. The common property of the cellulose 
type “molecules” is vast length, relative to the other dimensions. 
Ziateral attraction between these long chains results in the coherence of 
cellulose structures. 

Cellulose films are hygroscopic. The moisture content is of prime 
importance to the condition of the film. The phenomena of swelling 
are well known among cellulose structures. The moisture content is 
also the determining factor in the permeability to gases. Dry cellu- 
lose films are completely impermeable to the permanent gases, while 
the permeabilities of moist films are in the ratio of the water solubilities 
of the diffusing gases. 

T. F. Hickerson; Second^ Stresses in Bridge Trusses. 

When a bridge truss is subjected to primary axial stresses due to 
loads applied at the joints, the tension members become slightly 
longer, and the compression members correspondingly shorter. The 
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angles fomed by the members meeting at a joint therefore tend to in- 
crease or decrease. This angular change may take place freely in the 
pin-connected truss without restraint, but if the truss members are 
rigidly connected at the joints due to riveting or welding, bending will 
be induced. The stresses resulting from this bending are called Second- 
ary Stresses. They are greatest near the ends of the members. 

The following steps indicate the general procedure in the proposed 
method for computing Secondary Stresses: 

(1) Knowing the deformations in each member of the truss due to 
the primary axial stresses (obtained by dividing the products of the 
unit stresses times the length by the modulus of elasticity (E)), deter- 
mine the displacements of the joints from a Williot diagram; or prefer- 
ably, determine the rotations of the members from the computed €tn^e 
changes of the truss triangles as though they were pin-connected. 

(2) Determine the relative displacements (d/L-values) of the ends of 
each member from Step 1, with plus sign for clockwise rotation and 
minus sign for counter-clockwise rotation. 

(3) Calculate each joint rotation (0) from the formula: 


32K^ 

in which 

K = i = Moment of inertia 
L Length of member 


(1) 


(4) Letting the letters N and F refer to the “near” and “far” ends of 
the members, calculate each joint rotation (0n) by successive approxi- 
mations; the first value is given by Eq. (1), and the other values are 
those brought over from the adjacent joints, the carry-over factor along 


any member being 


K 

^K' 


Thus: 


0 


On = 


2Ke, 

2SK 2SK 


( 2 ) 


(5) Compute the desired bending moments by means of the Slope- 
DefiectiOn formula, 

-3e4) 

from which the stresses follow directly. 


Mjjf “ 2EK ( 20n ©F 


0 


( 3 ) 
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372nd Meeting, December 8 , 1936 

E. A* Cameron: On Led Associated vnth Certain Osculants of a Plane 
Curve. 

Some geometric relations existing among certain osculants to a plane 
curve at a point were discussed. A study was made of the loci deter- 
mined by these osculants as the point of contact is allowed to move 
along the base curve. Specialization of the base curve led to some in- 
teresting results. 

J. F. Dashiell: The Experimental Background of the OestaU Movement 
in Psychology. 

A few of the pioneer experiments leading to the development of the 
Gestalt school of psychological theory are described in simplified form. 
They are the phenomenon of apparent-movement (Wertheimer), the 
choosing of grays by hens, apes, and children (K6hler), the insightful 
learning of apes (Kdhler). Other illustrations are incidentally intro- 
duced to clarify the Gestalt emphasis throughout upon wholeness as 
opposed to atomism in any field of psychology. 

373rd Meeting, January 12, 1937 

D. P. Costello: Notes on the Breeding Habits of Some Pacific Coast 
Nudibranchs. 

The nudibranchs are a group of marine gastropod molluscs character- 
ized chiefly by the absence of a shell. In common with most gastropods, 
nudibranchs are hermaphroditic, and the animals, by pairs, practise 
reciprocal fertilization. Two to twenty-one days after mating, each 
member of the pair deposits a ribbon-like egg mass of fertilized eggs. 
The eggs are enclosed in capsules arranged in transverse rows across 
the ribbon, cemented together by a gel, and the ribbon is attached by 
one edge to the substratum in the form of a spiral of Archimedes. The 
egg ribbons of twenty species were studied and in all cases it was foimd 
that the spirals of Archimedes had been deposited in a counterclock- 
wise direction (viewed dorsally). 

Otto Stuhlman: The Bio-Physics of the Human Ear. 

Published in the Jour. Amer. Acous. Soc. 9: 119. 1937. 

374th Meeting, February 2, 1937 

Edward Mack, Jr.: Why Rubber Stretches. 

An attempt at a theory of the mechanism of elastic stretching in 
rubber was made. The explanation was given in terms (1) of the free 
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rotation of carbon atoms about single bonds, and (2) of the attraction 
between hydrogen atoms of the hydrocarbon molecules. Some of the 
more important properties of the various forms of rubber were discussed 
from the point of view of strict adherence to the principles of geometry 
and of structural organic chemistry. Among the topics discussed were: 
shape of the rubber molecule, the work of stretching rubber, the shape 
of the stress-strain curve, heat effects in rubber, and properties of syn- 
thetic rubbers. 


376th Meeting, March 2, 1937 

H, Ward Ferrill: The Adrenals and Experimental Diabetes. 

To be published in full in Archiv. of Int. Med. 

The etiology and course of diabetes mellitus has been associated with 
adrenal function by various authors, since Zuelzer (1907) proposed that 
a mutual antagonism exists between the adrenals and pancreas. Due 
to the disagreement among workers and due to the fact that the sup- 
posed relationship of the two glands has in recent times led to surgical 
procedures, this problem was undertaken and carried out on a suitably 
large number of animals to be of significance. 

The report is concerned chiefly with experiments to determine whether 
reduction or suppression of epinephrine secretion from the adrenal 
glands exerts a significant influence on experimental diabetes. In these 
experiments the criterion was the amount of insulin required to main- 
tain the level of sugar excretion in the urine below about five grams daily 
and the concentration of sugar in the urine below about one per cent. 
The experiments were performed on dogs. 

All the experimental and control animals were kept under identical 
or comparable conditions, on a constant diet consisting of 600 grams of 
boiled beef lung and 100 grams of cane sugar daily, divided into two 
meals. In the morning meal 50 grams of fresh raw beef pancreas was 
added. Drinking water was available at all times. Daily administra- 
tion of insulin was divided into two doses and given at the time of feed- 
ing. Urine was collected for 24 hours, the quantity excreted and the 
sugar content determined at the same hour each morning. 

Interference with epinephrine secretion was accomplished by excision 
of one adrenal and denervation of the other gland. In addition to de- 
nervation, the medulla of the remaining gland was curetted by drilling 
with a dental burr, so that most of the medulla was destroyed or dam- 
aged. The adrenal operations in these animals were performed in two 
stages and pancreatectomy was performed during the interval between 
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the adrenal operations. Other dogs were depancreatized without sub- 
jecting the adrenals to operations for reducing the epinephrine secre- 
tion. These served as controls. At the end of different periods of 
observation the experiment was terminated and the nnimnlfl sacrificed 
for quantitative determination of the degree of reduction or suppression 
of epinephrine secretion by the method employed by Stewart and Ro- 
goff. 

From this series of experiments it has been concluded that: 

1. The supposed dependence of experimental pancreatic diabetes on 

epinephrine secretion from the adrenals is not supported by 
substantial experimental evidence. 

2. Severity of diabetes in depancreatized dogs is not modified by 

reduction or suppression of epinephrine secretion from the 
adrenals. 

3. Insulin requirement on a constant diet is within the same range in 

depancreatized dogs and in dogs with reduced or suppressed 
epinephrine secretion in addition to pancreatectomy. 

4. Depancreatized dogs with reduced or suppressed epinephrine 

secretion are not more sensitive to insulin than ordinary de- 
pancreatized dogs. 

6. Depancreatized dogs kept for some weeks on a constant diet with 
adequate amounts of insulin to control glycosuria sooner or 
later show a reduction or suppression of epinephrine output from 
the adrenals. 

6. Results obtained on depancreatized animals that have been sub- 
jected to operations on the adrenals should be interpreted with 
extreme caution unless the animals are obviously in excellent 
physical condition. 

W. C. George: The SiQuificance of Blood in the Classification of Animals. 

The cytological details of blood cells sometimes afford taxonomic 
details that may be of significant help in cases difficult of classification. 
In the ascidians there are certain features of blood histology that appear 
to be familial in distribution^ others generic, and still others specific. 
For example, certain peculiar cells, called colorless morula cells, are 
present in all species of the famUy Ascidiidae studied; they are not 
known to occur in representatives of any other family! They have dis- 
tinct features for the different species and subspecies knov^i to the 
author. The genus Ecteinascidia appears to be distinguished, further- 
more, from all other ascidians by the presence of fusiform granules in 
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the orange cells. These granules of orange pigment have characteristic 
sise variations in the different species. The two genera of the family 
Botryliidae are distinguished from one another by the presence of pig- 
mented cells characteristic of each. In addition to the colored cells com- 
mon to both genera, the genus Botryllus has cells with dark blue pig- 
ment and the genus Botrylloides has cells with brownish red pigment. 

376th Meetinq, April 6, 1937 

E. W. McChesney: The Identification of the Aifnino Acids. 

Published in full in Jour. Amer. Chem. Soc. 69 : 1116, 1937, 

T. F. Hickerson: MuUi-Storied Building Frames. 

Using the Slope-Deflection equations for an exact solution of multi- 
storied frames involves the determination of the rotation of every joint 
and the sidesway of every story. Accordingly, one is confronted with 
as many equations, to be solved simultaneously, as there are joints and 
stories in the framework, unless the bent is symmetrical about a verti- 
cal center line, in which case the number of unknown rotations are re- 
duced fifty per cent. 

The formal algebraic solution becomes exceedingly laborious and time 
consuming when the number of equations exceeds three or four and 
therefore the so-called exact method is not accepted as a satisfactory 
office method. 

Whatever procedure is adopted, an important equation of Statics is 
the following: “Total Shear in any Story, times Story Height, equals 
the sum of the Moments at the top and bottom of all the Columns of 
that Story.” 

Useful formulas will now be derived on the basis of (1) 2M = 0 at a 
joint and (2) SM = 0 in a story. Let joint N of a building frame sub- 
jected to a horizontal sidesway (d) represent the “near” end of any four 
members having I/L — values of K, Ki, K 2 , and Ka; and with corre- 
sponding “far” ends at joints F, Fi, F 2 , and Fa. 

Since the members at joint N are in equilibrium under sidesway, we 
may apply SM = 0 at the joint. Then substituting in the Slope-De- 
flection equations, noting that each member rotates through the same 
angle at N, grouping terms, and solving, we have 

3SK ^ - ZKGf 


0N — 


2SK 


( 1 ) 
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Dividing Eq. (1) in two parts, multiplying by E, and letting 


we have: 


X =» E 


d 

h 


E0n 


SSKx SKEGf 
2SK 2SK 


( 2 ) 


The first part of Eq. (2) is the total rotation at any joint (N) caused 
by the sidesway of the adjacent upper and lower stories as if the other 
ends were fixed ; while the second part is the sum of the rotations brought 
over from the far ends of all the members meeting at joint N. It 

K 

should be noted that the carry-over factor along any member is — 

22) Iv 

Assuming the rotation at the far ends equal, and the same as that at 
the near end (that is 0p = On); then Eq. (2) takes the form: 


EGn--^ 


(3) 


If one member meeting at a joint is known to have its far end fixed, 
as at each of the upper joints of the first story of a frame fixed at the 
bottom, then Eq. (3) would be modified slightly, for these special cases. 

(2) Let K, K', etc. = ^ — values of the columns in any story; 


Bui ^5tc. = corresponding rotations at the upper and lower joints 
respectively; 

d = sidesway of any story; that is, the sideswise deflection of upper 
floor relative to the lower; 


X = E ^ = sidesway quantity for that story; 
h 


M = story moment (but if frame is symmetrical about a vertical 
center line, M = one-half ‘‘total shear in story'^ times “story height”- 
and only one-half of the columns are considered) ; and m *= JM. 

If A, B, etc. are the columns in the story, we have: 
for Column A, 


Mu = 2EK^^2eu + eL- 
Ml = 2 EK (201,-1-00- 



and 



244 


JouiofAii or THB Mitchell Socibtt 


[December 


for Column B, 


and 


Md » 2 EK'(2e^ + ~ 3^^ 


Mi = 2 EK' ^20,' + Gc - 3 ; etc. 

Adding the foregoing expressions, and apidsring 2M » 0 to the col> 
umns in the story, we have 

6K(Eeu + EGl) + 6K'(E0^ + EGl) - 

(gE^) [2(K + K' + . . .)]+ M - 0 

from which 


„ _ T? d _ na + SK(E0u + E0 l) 
*“®h 22K 


(4) 


In order to avoid possible confusion, it should be seen that Eqs. (1)- 
(3) include the K^s of the members meeting at a joint; while (4) 
refers only to the K's of the columns in any story. 

Label the joints and stories in consecutive order from the bottom up- 
wards. Thus, let Xi equal the sidesway quantity in the first story, X 2 
equal that in the second story, etc. 

The following steps are to be taken in canying out the proposed 
method of analysis. 

(1) Use Eq. (3) for finding the joint rotations in terms of the x^s of 
the adjacent stories; set down the results in tabular form. 

(2) Carry over the rotations from the far ends to the near end, using 


the factor — 


K 

22;K* 


(3) Apply Eq. (4) to each story and solve for x. 

Note: Assuming as a first approximation, all the x*s above any given 
story to^be equal, not more than two equations need be solved simul* 
taneously at a time even for multi-storied frames. 

(4) Knowing x for each story the joint rotations can be found by 
successive approximations and finally the desired bending moments 
can be calculated from the formula, 


Mnf ~ 2K(3x — 20 n 0f) 


(5) 
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As a final check on the calculations, the girder moments at a joint 
should equal the sum of the column moments at that joint. 

377th Meeting, May 11, 1937 

R. F. Poole: Progress m the Control of Plant Diseases, 

The cryptogamic botanist and mycologist first conceived the possi- 
bilities of controlling organisms that cause plant diseases. Since the 
beginning of the Land Grant Colleges the plant pathologist has con- 
tributed much to the practical development of quality products and 
an economic agriculture. Plant pathology aims specifically toward 
economic and quality production rather than toward quantity produc- 
tion. The measures used for the control of plant diseases were dis- 
cussed under six headings; namely, (1) Resistant varieties, (2) Rotation 
of crops, (3) Soil treatment, (4) Adaptability, (5) Sanitary practices, 
and (6) Chemical treatments. Important advancements in technique, 
in the perfection of chemical formula and application, the behavior of 
organisms in changed soil media and the destruction of inoculum 
were discussed. The lecture was illustrated, demonstrating the seri- 
ous losses caused by plant diseases and the effects of practical control 
measiu'es. 

The following officers were elected for the year 1937“1938: 

President — ^John N. Couch. 

Vice-President — ^H. D. Crockford. 

Secretary-Treasurer — E. L. Mackie. 

The permanent secretary, E. T. Browne, and the editors of the Jour- 
nal, W. C. Coker, Otto Stuhlman, and C. I). Beers, the last-named 
having been elected at the December meeting to fill the vacancy caused 
by the resignation of Dr. H. V. Wilson, were continued in office. 



A CLASSIC PROBLEM IN EUCLIDEAN GEOMETRY 
A Basic Study* 

By Abchibald Henderson 
I 

For approximately a century the harmless-looking exercise in Euclid- 
ean geometry, studied in the present monograph, has attracted from 
mathematicians a measure of attention apparently disproportionate to 
its importance. Among the many who have attacked it may be men- 
tioned Todhunter, Sylvester, Greenstreet, Lemoine, Meurice, Tarry, 
Lanvemay, Halsted, Birkhoff, and Hopkins. Numerous solutions, some 
authentic but many the reverse, have been published in England and 
the United States and on the continent of Europe. It is not a little 
singular that the published ^^solutions” are, in a surprising number of 
cases, incomplete, inadequate, incorrect, and even grossly and ludicrously 
erroneous.^ 

Despite the appreciable niunber of isolated ‘‘solutions’^ which have, 
often incautiously, been submitted to public scrutiny, no thorough- 
going analysis of the problem has ever been made. It is primarily on 
this account that I have ventured upon this diverting excursion and 
pleasure trip. Indeed I may wellnigh venture to describe this paper as 
an essay on the internal bisector problem to end all essays on the in- 
ternal bisector problem. In 1900 one G. D. Birkhoff, then unknown to 

* This study is dedicated to George D. Birkhoff, President of the American 
Association for the Advancement of Science. Cf. infra, 

^ For example, the solution proposed by the Rev. William Mason and endorsed 
by T. T. Wilkinson is unsound, as is also the discussion by the latter. See The 
Lady's and Oentleman's Diary ^ No, 156, pp. 87-8 (1859), and No. 157, pp. 84-86 
(1860). ]^t seems incredible that the erroneous ^^solution,” submitted by F. G. 
Hesse, should ever have been recommended by J. J. Sylvester and N. M. Ferrers 
as 'thoroughly sound’’ and actually published in the Philosophical Magazine^ 
4th ser. 47: 354-6 (1874). Nine different purported solutions appeared in the 
American Mathematical Monthly 2: 157-8, 189-02; 6: 108-9; 7: 226-8; but the mor- 
tality was devastating. Only two of the solutions were free from flaws, one of 
those being indii^t, the other by trigonometry. Even the "solution” by the edi- 
tor, admittedly "adapted” from a solution by the editor of the mathematical 
department of The Educational Times ^ is unsound. 

- 246 
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fame, submitted to the editor of the American MaOiemaiical Monthly 
a solution of the proposed ^^teaser/’ a solution which was not published, 
Birkboff’s name being included in the list of ^'others who submitted 
solutions/^ As almost all the published “solutions” were absurdly 
erroneous, the editor might perhaps better have taken a chance on 
publishing Birkhoff’s solution, now irrevocably lost, than those he was 
so injudicious as to print, including his own erroneously “adapted” one. 
A certain piquancy attaches to the task of making an exhaustive study 
of this problem and its history. It is like breaking a butterfly on a 
wheel. And yet — the Biblical parable of the grain of mustard seed or 
the familiar rhyme about the little acorn finds convincing exemplificar 
tion here. Felix Klein wrote delightfully and searchingly of three 
famous geometrical classics of antiquity: the squaring of the circle, 
the duplication of the cube, and the trisection of the angle. David 
Hilbert delivered some charming lectures on the foundations of geome- 
try. Einstein and Birkhoff divided honors over the mathematical 
recreation of the impact of two billiard balls according to the mechanics 
of special relativity. With such stimulating examples of recreational 
relaxation before me, I see no bar to V3dng with them in the field of 
mathematical diversion, and by searching analysis magnifying an inno- 
cent-looking geometrical exercise into a classic of modernity. 

II 

In the course of these researches, which have led me to many new 
proofs, I have discovered that this little exercise, shy and shrinking as 
the modest violet, has wide ramifications of surprising interest and 
variety. Invoked for its proof are principles of continuity, symmetry, 
inversion, reciprocation, antiparallels, cross ratio, harmonic ranges and 
pencils, the complete quadrangle, the question of constructibility by 
means of ruler and compasses. The exercise seems to stand on the bor- 
der-line between metrical and projective geometry, between Euclidean 
and non-Euclidean geometry, sharing alike the adventitious yet highly 
effective aid of anal3rtic geometry and higher plane curves. We need 
not be surprised to discover that the exercise is a special case, one of an 
infinite munber of similar special cases, of a theorem of a more general 
nature. Study of this more general theorem enables us to view the 
whole problem in a new perspective, giving rise as it does to provocative 
questions regarding other interesting features of, and configurations 
associated with, the triangle. 

It is passing strange that this problem, so far as I have been able to 
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discover, received no consideration or even mention by geometers, 
ancient or modem, in either direct or converse form, until about a cen- 
tury ago. Four issues are involved: (a) to find new direct proofs by 
theorems in the books which succeed Book I of Euclidean geometry as 
we have it today; (b) to find new indirect proofs; (c) to find that which 
not a few mathematicians have failed to find, direct proofs by the use 
of theorems in Book I only; and (d) to clear up the obscurity and mys- 
tery concerning the problem’s exaggerated yet unmistakably cryptic 
difficulties. 

These difficulties are all the more surprising in view of the fact that 
the problem under consideration is the converse of an exercise in Book 
I, the proof of which offers no difficulties whatever.* The study of the 
converse of this almost trivial exercise has thrown into sharp relief 
several theorems, commonly slighted or wholly ignored in works on 
geometry ancient or modem, which are nevertheless of genuine interest 
and fundamental importance. The present treatment of the internal 
bisector problem, with its many implications and ramifications, may 
perhaps furnish fresh information and new points of view, even to the 
trained mathematician. 


Ill 

In a French journal,* just ninety-five years ago, was proposed, for 
the first tune so far as is at present known, the following problem under 
the caption 'Th^orSmes h, Demonstrer. — Probl^mes”: 

Theorem 1. To demonstrate that if in a rectilinear triangle ttoo interior 
angular bisectors are of equal lengthy the triangle is isosceles. 

This is the converse of the very easy exercise: “The internal bisectors 

• The writers of textbooks in geometry almost invariably omit the problem of 
this paper. Considerable space with adequate references, however, is accorded 
it in J. S. Mackay’s Euclid; and a solution by Descube is given in Mackay's A Key 
to Euclid. The exercise is assigned in George C. Edwards’s Elements of Geometry 
(1896), being included among the miscellaneous exercises on page 138. In G. A. 
Wentworth’s Plane Geometry (revised edition, 1899), p. 72, the converse of our 
problem is assigned and its ' ’opposite” is solved in the text; but the pupil is asked, 
not to solve, but merely to state, our problem and to tell whether it is true. In 
tile same author’s Exerdsee in Wentworth*B Geometry (revised edition, 1880), p. 10, 
the converse of our problem is proved; but our problem and its opposite are merely 
stated without comme|;it. No reference to this problem, rather surprisingly, is 
found in Julius Peterson’s Methods and Theories for the Solution of Problems of 
Geometrical Construction (English translation, 19^), a work almost more difficult 
to read in the weird translation 'than in the original Danish (1866). 

* Nouvelles Annales de Mathamatiques 2 : 57 (1842). 
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of the base angles of an isosceles triangle, terminating in the sides includ* 
ing the third angle, are equal/’ Soon after the appearance of the prob- 
lem to be solved, two solutions appeared in the same journal of the same 
year, one of them indirect and each using theorems of Books II and III, 
in particular the same somewhat unfamiliar theorem which is funda- 
mental in the theory of inversion/ 

It was not until almost ten years later that the problem appears to 
have piqued the interest of mathematicians of the University of Cam- 
bridge, where, as Sylvester observes, “it excited considerable attention 
among the mathematicians of the place.” Certainly Isaac Todhunter 
did not shine in this affair, as he failed to obtain a direct solution; and 
Sylvester also betrayed himself as surprisingly inept in his approach to 
the entire problem. In the first paper which appeared in English on 
the subject, Sylvester, then of the Royal Military Academy, Woolwich, 
erroneously conceived the notion that the problem was incapable of 
direct demonstration. He ventured to indulge in the following banter- 
ing comment, presumably aimed at Dr. Isaac Todhunter of Cambridge: 

If report may be believed, intellectuals capable of extending the 
bounds of the planetary system and lighting up new regions of the 
universe with the torch of analysis, have been baffled by the difficulties 
of the elementary problem stated at the outset of this paper, in conse- 
quence*, it is to be presumed, of seeking a form of geometrical demon- 
stration of which the question from its nature does not admit. If this 
be so, no better evidence could be desired to evince the importance of 
such a criterion as that suggested in the text.® 

The criterion suggested is thus stated by Sylvester: “Whenever the 
truth of a geometrical theorem depends on the necessary non-existence 
of real roots (between prescribed limits) of the analytical equation ex- 

^ Solution by M. Rougevin, de la classe de Math^matiques 616mentaire8 

du College Louis-le-Grand [Institution Lorial]'’, t&td., 1: 138-9; and solution by 
Mr. Grout de Saint-Paer, '‘61dve du College de Versailles/' i, 311. The solution 
by T. T. Wilkinson, F. R. A. S. in The Lady^s and Chntteman^e Diary ^ No. 154, pp. 
58-9 (1856) is virtually identical with that of Rougevin and presumably based 
upon it. 

* On a Simple Geometrical Problem illustrating a Conjectured Principle in the 
Theory of Geometrical Method. Phiheophical Magazine 4 : 366-9 (18^). The 
same article is found in Sylvester's Collected Works 1: 392-5 (1837-1853). One 
may observe that no better evidence than this could be desired, that the difficulties 
which Todhunter, Sylvester, and other English mathematicians could not over- 
come, in the effort to find a direct demonstration of the problem, were very real 
difficulties indeed. 
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pressing the conditions of the question, no other form of proof than that 
of the reducHo ad abetirdum is possible in the nature of things.” This 
criterion was advanced by Sylvester because he was unable to devise a 
direct proof of a theorem upon which the bisector problem may be 
shown immediately to depend, namely: 

Thbobbm 2. If from the middle of a ciretdar are two chorda of the cirde 
be drawn, the remoter eegmonla of the two chorda cut off by the chord of the 
given arc being equal, then the nearer aegmenta wiU also be equal. 

Referring to this theorem, Sylvester sasrs: “As an example, I throw 
out (not a challenge, but) an invitation to discover a direct proof, if 
such exist, of the following geometrical theorem, as simple a one as it is 
perhaps possible to imagine. . . 


IV 

As Theorem 2 is of some intrinsic interest as well as the basis of several 
proofs of the bisector problem, I present below a simple proof unlike 
others I have seen. The theorem is one of a group of associated th€K>- 
rems, all capable of similar direct demonstrations. Taken together 
they constitute the fundamental principle of the theory of inversion. 

Given N the mid-point of circular arc BNC; and NKiAi, NKaAi two 
chords, with KiAi = KsAi (Fig. 1), From N drop a perpendicular NM 
on chord BC, meeting the circle again in L; and let the chord LAi pro- 
duced meet BC produced in D. Join N, Ai, A* by chords to B and C. 
From the pairs of congruent triangles MNKi, AiNL and MNKs, AjNL, 
we have 


NL-NM = NK,.NA, = NK,.NA, (1) 

Hence 

NKi(NKi + KiAi) - NK,(NK, + K,A*) 

giving NKi => NK*, since KiAi = KiA* by h)rpothesis. We may note, 
therefore, that MKi MKi and Z AiKiC Z A«K»B. Moreover, 

'This invitation evoked a reply, in three parts, by James Adamson, D.D., 
which wHile very diffuse contains a satisfactory answer to Sylvester’s query, to- 
gether with a refutation of his unsound criterion: “On a proposed Test of the 
Necessity of Indirect Proof of Geometrical Demonstrations, with Remarks on 
Methods of Demonstration.” Philoaophieal Magaaine 1: 297-9, 832-8, 405-410 
(1858). Other, chiefly brief, contributions to the subject appeared in The Xdttea- 
tional Times, 1858 et esq., passim. An extremely lenglhy and complicated proof of 
the bisector problem, by means of reciprocation and ^e use of the external bi- 
sectors, is that of T. K. Abbott, Philosophieal Magaaine 0: 286-7 (1858). 
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from the pairs of similar triangles MNB, MBL and MNC, NCL, we 
have 

NB‘ = N^ = NL.NM (2) 

Hence from (1) and (2), 

NB» = NC* - NKj.NAx - NK,.NA, 

which is the fundamental equation of inversion pp' = a*. Further- 
more, AiN, AjN are the internal bisectors of angles BAiC, BA*C, since 



each of the four angles BAjN, CAiN, BA*N, CA»N is measured by one- 
fourth the arc BNC. Since this is also the case with angles BCN, 
CBN, we may also derive equation (3) by comparison of the two pairs 
of similar triangles NKiC, NCAi and NKjB, I^Ai. We should also 
note that LD is the external bisector of Z BAiC since LAi is perpendicu- 
lar to NAi, and that B, Ki, C, D form a harmonic range, giving the pro- 
portions BEi^KiCi •HiCtBliLat tAiB'AiCl t AtC>AaB* tBHlHCi 
Since from equation (1), if NKi = NK», we have NAi = NA* and 
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KiAi » KsAi; and since if NAi « NAi, we have NKi NKt and 

KiAi « KsAs, we may formulate two more theorems: 

Thborsm 3. If from the middle of a circular arc two chords of the 
drde be drawn, the nearer segments of the two chords cutoff hy the given are 
being equal, the remoter segments wiU also be equal. 

Theorem 4. If from the middle of a drcvlar arc two equal chords of the 
drde be drawn, the nearer and the remoter segments of the two chords cut 
off by the chord of the given arc will be equal, each to each. 

By a similar argument we may readily demonstrate the following 
theorem: 

Theorem 5. If, from a fixed point (N) on the perpendicular bisector 
{NL) of a given segment (BC), a line be drawn within the angle CNL cut^ 
ting BC at Ki and determining Aifrom the relation NC^ = NKi • NAi, then 
B,N,C,A, are concydie. 

Thus 

NKx(NKi + KiAi) = NC* = NM» + MC* «= Nlc! - MKi + MC* 
Hence 

NKi-KxAi = MC* - MK? = (MC + MKi).(MC - MKO = 

(BM + MKi)(MC - MKi) - BK,.KxC 

Therefore B, N, C, Ai are concyclic. 

The results of Theorems 2, 3, 4 and 6 may be stated in the following 
form: 

Theorem 6 . Two triangles {AiBC, A%BC) having the base {BC), verti- 
cal angle {BAiC, CA%B) and bisector of the vertical angle {AiKi, AiKt) 
equal, each to each, are congruent. 

This follows directly from symmetry about the line NML. It is ex- 
traordinary that this basic theorem regarding two triangles is conspicu- 
ous by its absence from^ virtually all text books and treatises on geometry 
in any language. If one triangle AiBC is in position, the other may 
immediately be constructed by determining A* as the intersection of 
the circle through Ai, C, N, B with the circle of center N and radius 
NAi. Theorem 6 may be stated as a problem in construction. 

Construction 1. To construct, on BC as a base and on the same side 
of BC, a triangle congruent to AAiBC: find the intersection of the drcum- 
scribing drde of the AAiBC and the drde of center N and radius NA, 
where N is the meet of the perpendicular bisector of BC with the drcum- 
drde BCAi. The point thus^ found (At) is the vertex of the required tri- 
angle AtBC. 
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We are now in a position to fonnulate two constructions for the fol- 
lowing problem in construction: Qiom the parts a, A, ta of a triangU 
ABC; to construct the AABC. 

CoNSTBtrcnoN 2. At C lay off below BC (= a) an angle equal to 
|A, the other leg cutting the perpendicular bisector of BC at M, in N 
(Fig. 1). Let the circumcircle of ABNC cut NM in L. If we imagine 
the required triangle drawn in the position AiBC, we have 

NKi.(NKi + t.) = NC* 


giving 

NK, - i(-t. 4- V(t.)* + 4NC*) 

This can readily be constructed by extending NC to G, making CG = 
NC, and erecting a perpendicular to NG at G, laying off on it GH =» t,. 
Join H to N, the line HN cutting the perpendicular to NG at C in 1. 
Then 

NI = J V(t.)* + 4NC* 

La}ring off IJ toward N equal to Jt„ we have 

NJ - K- t. + Vda)* -t- 4NC*) - NKi 

Hence with N as center and NJ as radius describe arc cutting BC at 
Kj. Then NKi extended cuts the circle BNC in the vertex (Ai) of the 
required triangle. 

Construction 3. For NKi we may write NAi — t, and therefore 
(NAi — t*)*NAi = NC, giving 

NAi - i(t. + V(t,)* + 4NC*) 

Lay off, on NI extended, IP IC, giving 

NP - Kt. + V(t,0 + 4NC*) - NAi 

The circle with N as center and NP as radius will cut the circle BNC in 
the vertex (Ai) of the required trian^e. 

Proov I. The bisector problem is immediately solved by means 
Theorem 6. Given BE, CF the equal bisectors of the base angles fi, C 
of AABC meeting in 0 (Fig. 2). Then AO is the bisector of Z A, since 
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the internal bisectors of the three angles of a triangle are concurrent. 
Hence AABE «= AACF, by Theory 6, and therefore AB «■ AC.'' 


A 



B C 

Fig. 2 

V 


In this section will be given seven new direct proofs of the bisector 
problem, based upon theorems in Books II and III. The first four of 
these proofs, succinct and elegant, are intimately connected. 

Proof II. Given AABC with AD internal bisector of Z BAG (Fig. 
3). At C lay off from AC and in the same sense an angle equal to 
Z ADH, the other side" meeting AD produced in L. Hence 

AB AC - AD AL - AD(AD + DL) 

giving 

AD* = AB-AC - AD-DL (1) 

^ With a figure similar to Fig. '1, Rougevin, l.e., gives an indirect proof, involv* 
ing comparison of arcs, whereas the above proof is direct. 
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AD DL-BD CD (2) 

From (1) and (2) we have 

AD* = AB AC-BD CD (3) 

Now from the bisector property, we have 

AB CD - AC BD = 0 (4) 



Adding (4) to, and subtracting (4) from, (3), we have the familiar forms: 


AD* - (AC + CD)(AB - BD) (6) 

and AD* = (AB + BD)(AC - CD) (6) 

From (4) the right hand sides of equations (5) and (6), it may be noted, 
are equal, by composition and division: ** 

AB + BD:AB - AD: ;AC + CD:AC - CD (7) 
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The proof now follows at once. If BE is the internal bisector of 
Z ABC, we have, after the analogy of (6) or (6), 

BE* - (BC + CE)(AB - AE) (8) 

Hence if AD = BE, we have from (6) and (8), 

BC + CE _ AB - BD _ AB - (BC - CD) „ 

AC + CD AB - AE ” AB - (AC - CE) 

AB + CE + CD 
AB + CE + CD 

by combining first and third fractions. Hence 

BC - CD = AC - CE or BD = AE 

Since AABE = AABD, Z BAC = Z ABC, giving BC = 

Pboof III. We may also proceed as follows: From AB and in the 
same sense lay off an angle equal to Z ADC, the other side meeting AD 
produced in K say (not shown in Fig. 3, but identical with L). The 
remainder of the proof is precisely analogous to Proof II. 

Proof IV. Draw the circumcircle of AABC cutting AD produced at 
L. The proof follows as above. 

Proof V. Erect perpendicular bisector of BC, at its mid-point M, 
meeting AD produced at L. If circumcircle of AABC meets AD pro- 
duced at K, then K coincides with L, since LB = LC and chord KB 
chord KC. Then since AACL is similar to AADB, AD -)- DL:AC = 
AB : AD. The remainder of the proof follows as in Proof II. 

Proof VI. The next proof utilizes the principle of inversion and 
brings out a property discovered by Lanvemay and later arrived at 
independently by Meurice.* The construction of Fig. 4 was suggested 
by equation (6) in Proof II above: 

AD* = (AB + BD)(AC - CD) 

A similar proof, with figure to correspond, may also be derived from 
equation/5). Proof II. 

Given AABC and AD bisector of Z BAC (Fig. 4). Lay off from C 

' A more lengthy and cumbersome treatment is that of W. E. Heal, American 
MathemtUiedl Monthly 24% 344-5. 

* E. Lanvemay, Matheeie 14 : 40 (1894). In the same volume of the same jour- 
nal, page 92, M. L. Meurice gives' a proof of Lanvernay’s Theorem by the use of 
an escribed circle. 


» 1 (9) 


AC.« 
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toward A, CH =« CD, and join H to D. Lay off on AB toward B, AG 
■» AH; and from A drop a perpendicular AI upon DG extended to J, 
laying off IJ » DI. Let circle through D, A, J meet AB produced at 
K, and join K to D. Then 

AD* = AK AG (1) 

by the principle of inversion. Since also AG = AH and Z HAD = 
Z DAK, AAHD is similar to AADK and 

Z ADH = Z AKD (2) 



Fio. 4 

Now Z DGK + Z GDB + Z BDK + Z AKD = 180® and Z CDH 
+ Z ADH + Z ADG + ^ GDB » 180®. Since Z CDH » 
Z CHD = Z DGK, and Z ADH = Z ADG = Z AKD by (2), we have 
Z BDK « Z ADG - Z ADH - Z AKD by (2) and 

BD = BK .(3) 

Hence 

AD* •= AK AH » (AB + BK)(AC - CH) * (AB + BD)(AC - CD) 
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The remainder of the proof follows as in Proof II. 

Pboof VII. Given AABCi, with Z ACiB ** Z C (Fig. 6). The bi- 
aectoTS ADi, BEi of the angles BACi, ABCi meet in the point Pu Pro- 
long CiPiFt, to meet the perpendicular bisector of AB at M, in the point 
N ; and draw the straight line BN. Now the circumcircle of the AABCi 


c 



- Fio. 5 

passes through N, since CPi meets it in the mid-point of arc AB, which 
lies on the line MN. Hence 

Z ABN * Z ACiN = i Z ACxB = J Z C ‘ 

Now 

Z AP,F, - i Z BAG -h i Z ACiB 
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and 


Z BPiFi = J Z ABCi + i Z ACiB 

Therefore 

Z APiB » i Z BACi + i Z ABCi + Z ACiB « 90^ - 
i Z ACiB + Z ACiB = 90® + J Z C 

which is a constant angle. Now describe a circle with center N and 
radius NA = NB, cutting NM produced in P. Then 

Z NPB = Z NBP = 45® + iC 

since Z MNB = 90® — JC. Prolong NMP to meet the circle through 
A, N, B, and Ci in C; draw straight lines AC and BC, and prolong AP, 
BP to meet BC, AC in D, E respectively. Since Z APiB « Z APB 
= 90® + iC, Pi describes the arc BPiP as Ci describes the arc 
BCiC. 

Let us now recall the theorem: ‘Tn every triangle ABC, to a greater 
side AC is drawn a smaller internal bisector BE’' (For a proof of this 
theorem, c/. E. Catalan, Thiorknes ei ProbUmes de G4ometne JEUmen-- 
tairCf Theorem VIII (6th edition, revised and enlarged. Paris. Dunod. 
1879).^® As Cl traverses arc from B to C, ACi is always greater than 
BCi, since arc ACCi is greater than arc BC. Hence ADi for this inter- 
val is always greater than BEi. Similarly, for the symmetrical arc AC, 
BEi remains greater than ADi. When Ci reaches C and Pi reaches P, 
then Di reaches D and Ei reaches E. Now AD, BE are the bisectors 
of the angles BAC, ABC respectively. But Z PAB = Z PBA, since 
AP = BP. Now AAPE = ABPD, since AP = BP, Z APE = Z BPE, 
and Z PAE = Z PBD. Therefore PD == PE, and consequently AD 
= BE. Note that this is otherwise obvious, if we invoke the principle 
of continuity. Since Ci is at C when Pi is at P, AC = BC. 

This is perhaps the most satisfjdng of all the proofs, since the internal 
bisector problem and its converse are both seen to be true, by the use of 
this figure. 

Pboop VIII. Given AABC with equal internal bisectors BE, CF of 
base angles ABC, ACB (Fig. 6). Lay off Z CFx « Z EBA(= i Z 
B), and Z FCy «= Z BEA(« J Z C), Fx and Cy meeting at Ai. 
Then AFCAi « ABEA. Hence the bisectors of Z iFAC and Z FAiC 

* 

This theorem immediately furnishes a solution of the internal bisector prob- 
lem, by the indirect method. 
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meet at N, mid-point of arc FNC of circle passing through F, N, C, 
Ai, A. Let NA, NAi meet FC in K and Kt; then AK » AiKi, being 
corresponding parts of congruent triangles ABE and AiFC. Now 

Z FCN = / CFN = § Z FAC » J Z FAiC, 

each being measured by one-half of arc FNC. Then NF, NC are tan- 
gents to circumcircles of AAKF, AA.1K1C respectively, giving NF* *= 
NK-NA and NC* » NKi-NAj. Hence NA = NA, and NK » NK,, 
since NF == NC and KA. = KiA,. Then Z NAA, = Z NAiA; and 
since Z NAC = Z NAiF, we have Z CAA, = Z FAiA. Conse- 


y 



Fia. 6 

quently arc AF = arc A,C, and chord AF ■« chord A,C — AE. There- 
fore AAFK = AAEK, and consequently AAEB = AA.FC, giving AB 
= AC. 

VI 

A mole intensive study of the bisector problem, from the standpoint 
of higher plane curves, may afford some deeper insight into the reasons 
why this innocent-seeming geometrical exercise presents peculiar diffi- 
culties. In the anidysis is shown the organic relation of the bisector 
configuration to three well-known ciirves; the logarithmic spiral, the 
conchoid, and the cardioid.' 
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(a) the LOGABXTHMIC SPIRAL 

Given the AABC, with AD internal bisector of Z BAG (Fig, 7). 
Lay off on CA, CH *= CD; on AB, AG = AH; and on AB produced, 


L 



Fiq, 7 


BK * BD. Then describe an arc with D as center, DK as radius, 
cutting AC produced at L. Join D by straight lines to G, K, and L. 
Choose AG >= AH == AC — CH = AC — CD as unit of measure. 
Through G and D draw the logarithmic spiral 

p = (AD)*« 
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where Za =* Z BAG. If this spiral meets AC produced in L' (not 
shown in Fig. 7), we have, since 0 p = (AD)* « AL'. Then 
AAGD is similar to AADL', since Z DAG « Z DAL' and AL':AD:: 
AD:AG (= 1). 

Now 

Z DAH = 180® ~ Z AHD Z ADH = Z DAB = 180® - 

Z ADB - Z BDK - Z BKD 

giving 

Z AHD + Z ADH « Z ADB + 2 Z BKD (1) 

Moreover 

Z CHD + Z AHD = Z CDH + ^ ADH + ^ ADB 180® 
giving 

Z AHD - Z ADH = Z ADB (2) 

From (1) and (2) we have Z ADH = Z BKD. Consequently AAHD 
is similar to AADK, and therefore similar to AADL. But since AAGD 
= AAHD, therefore AAGD is similar to AADL. Hence L' falls at L; 
and we have 

AD* = AK = AK l = (AB + BK)(AG) = (AB + BD)(AC ~ CD) 

Incidentally we may derive this property by means of the circumcircle 
of AGDK. Since Z ADG = Z ADK, AD is tangent to this circle at 
D, giving 

AD* = AK. AG = (AB + BK)(AH) = (AB + BD)(AC - CD) 

(b) the conchoid 

The relation of the cpnchoid to the bisector configuration is even more 
interesting than that of the logarithmic spiral. Consider the follow- 
ing construction: 

(A) Construction. Through a given point (P) to draw a line, of 
which th^legs of a given angle ( Z zAy) cut off a given length I {BC), 
Through the given point P draw a series of lines, laying off the given 
length I to the right of the vertical side Ax of the given Z xAy, given in 
position (Fig. 8). Then the locus of the extremities of these lines is a 
conchoid; and it meets Ay in the required point C, giving the required 
line PBC. In general, the construction (A) by ruler and compasses 
alone cannot be made, since it is impossible to satisfy simultaneously 
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the three conditions: (1) direction of transversal; (2) the falling of B on 
Ax; (3) the falling of C on Ay. For this purpose a graduated ruler is 
required. 

(B) A Special Case. It may happen, however, that the given point 
P occupy some particular position with reference to the conchoid and 
/ xAy, which will permit the construction in the special case to be 
effected by ruler and compasses. This enables us to effect Construction 



2, Section IV above: Given the parts a, A, ta of a triangle ABC {not 
dravm)f to construct the triangle. 

Construction 4. Take the point P on the bisector Az of the given 
A xAy, with AP — t« (Figk 9). Erect a perpendicular to AP at P, 
and lay off, on either side of AP, 

PQ = PR = V2 == 1/2 

where I is the given length of Construction (A). Through Q, R draw 
lines parallel to AP, meeting Ay, Ax in S, T respectively and join S to T. 
Draw circmncircle of AAST, this circle and ST cutting AP produced in 
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N, M respectively. If we assume the required line NKL in position, as 
bisector of Z SLT(» Z A) in the triangle SLT, with TS ■» a and KL 
= AP = t,, then 

NK.NL ■ NK-(NK + KL) - NK(NK + AP) = NT* 
as given in Section IV, Construction 2. Then 

NK = i(- t. + V(t.)» + 4 NT») 



Fig. 9 


Hence, to find the exact position of NKL, extend NT to U, making 
TU = NT; and at U erect a perpendicular UV to NU, of length UV “ 
AP = t,. Let NV cut AT at W ; and lay off from W toward N, 



With N as center and NX as radius describe arc cutting TS at K. Let 
NK meet circle ATNS in L, and join L to T and S. The ATLS is a 
triangle having the required parts, TS a = 1, Z TLS Z A, and 
LK => AP =* t,. However ATLS is not in the required position, with 
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/ TLS coinciding with Z xAy. Accordingly we lay ofif on Ax, Ay the 
segments AB, AC equal to LT, LS respectively. Then BC passes 
througdi P> giving the required triangle ABC in position. 

Since, on account of Ax, Ay being synune^cal about As, AB', AC' 
may be laid ofif on Ay, Ax equal to LT, LS respectively, with B'C' pass- 
ing through P (B', C' and B'PC' not shown in Fig. 9), we may readily 
prove, from the equality of AAPB and AA'PB' that Z CPz » Z C'Ps, 
when s is at extremity of line AN. Since PB — PB', then CP » C'P; 
and consequently Az is perpendicular to BB' and CC'. Hence we are 
led to the formulation of the following theorem, just proved: 

Genbbalized Theorbm (7). If the aegmente of two lines, drawn 
through any point in the bisector of an angle and intercepted by its sides. 



are equal, the bisector is perpendicular to the cross-joins of corresponding 
ends of the line-segments.^ 

This same problem in construction may also be solved by the use of 
the conchoid, thereby manifesting the relation of the conchoid to the 
configuration of the internal-bisector problem. 

(C) CoNSTEtrcnoN 6 . To construct a triangle ABC, given a. A, ta. 

Lay ofif BC » a on a horizontal line and erect perpendicular bisector 
at M (Fig. 10). Lay ofif at C below MC an^e equal to J Z A, the other 
leg cutting perpendicular bisector of BC at M, produced, at N. Dr^w 

The signifioanoe of this generalized theorem will be considered later on in 
this monograph. 
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circle through B, N, C meeting perpendicular biaector of BC at M in Ai. 
The problem now is to draw through N a straight line making the in- 
tercept on this, between the base BC and the circle BNCAi, equal to 
t.. Hence we draw the conchoid as shown in the figure, in which MPi 
B KA SE t.. Hence AABC is the required triangle. Since 

NM-NAi == NK-N A - NK-(N K + t.) - IW, 

NK = i(- t. + -s/cta) + 4NC*) 



Then lay off below N on MN produced, NMi =» NM; and NKi * NK 
to the right of NM on a perpendicular to, it at N. The circle through 
Ai, Ki, Ml will then cut KiN produced in L, giving NL = NA and the 
required triangle ABC. 


(C) THE CaBDIOID 

The relation of the cardioid to the interaal-bisector configuration is 
readily seen (Fig. 2) on laying off the triangles ABE, ACF on a common 
base BE (=» CF). These triangles appear (Fig. 11) as AiBC, A*BC, 
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with BC as their common base. From the definition of the cardioid, 
the same length must be laid off from the circumference on lines drawn 
through a point in the circumference. Here the circle through Ai, A*, 
C, B and cutting perpendicular bisector of BC at M, in N, supplies the 
circumference with N as the point on it from which the lines for the con- 
struction radiate. Let AiN, AjN cut BC in Ki, K# respectively. 
Choosing KiAs, the length of the bisector ta ( = AO, Fig. 2), as the given 
length to be laid off in both directions from the circumference on the 
rays through N, we construct the cardioid, cutting NKiAi at P. Thus 
while one extremity of the given length t* lies on the circle, the other 
extremity lies on the inner loop of the cardioid, since the bisector of the 
vertical angle is drawn from the vertex to the base of the triangle. But 
P, the extremity of AiP « t* = AiKj, must fall on the given base BC 
(O, extremity of AO, lies on BE and CF, Fig. 2). Since P on the car- 
dioid and Ki on the line BC must coincide, they both must fall at K*. 
Hence Ai must fall at Aj, making AAiBC congruent to AAjBC. Since 
this proves that AiB = AjB, or AB = AC (Fig. 2), the bisector problem 
is proved. 

VII 

In this section are submitted three new proofs of the internal-bisector 
problem, by the indirect method, which are interesting and elegant. 

Proof IX. Given AABC, with AD, BE the equal internal bisectors 
of the base angles BAC, CBA respectively (Fig. 12). Then we have 
three cases to consider, depending upon the relative size of the base 
angles. Suppose, first, Z BAC > Z ABC. Draw the circumcircle 
of the triangle AEB, cutting AD produced in Q. Draw a triangle con- 
gruent to AADB, with B now at A, A at B, and AD in the new position 
BDi, where Di falls on circle with center B and radius BE. Since 
Z BAC > Z ABC, ADi falls above BE, meeting circumcircle of AAEB in 

P. Now since arc PB < arc EPB, chord PB < chord EB. Therefore 
BDi ( = BE) > BP ; and consequently D is outside circumcircle of AAEB. 
Therefore Z AD,B < Z AEB(= Z BQA). But Z AD,B = Z BDA, 
by construction. Therefore Z BDA < Z BQA, which is impossible. 
Hence Z BAC > Z ABC. Second, by similar reasoning, it may be 
shown that Z BAC < Z ABC. Hence we conclude that Z BAC » 
Z ABC, giving AC = BC. 

Proof X. Given AABC, with AD, BE the equal intemal-bisecters 
of the base angles BAC, ABC respectively (Fig. 13). Now we have 
three cases to consider, depending upon the relative size of the base 
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ang^. First, let us suppose Z. BAC > Z ABC. Through D draw 
line cutting BE at G, AC produced at Ci, and Z DOE Z EAD, O 
falling between B and E since Z DGE > Z DBG. Now through B 



draw line making vith BE angle equal to Z DAC, the other side of the 
angle meeting AC produced in Ci. Now AADCt =» AEBCj, since 

AD - BE, Z EBCi - Z DAC*, Z ECiB - Z AC»D 
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since CiB, C*G are parallel. Hence 

AC, = BCi (1) 

and Z C,AD = Z CiBE (2) 

C, 



Fig. 13 


Now describe arc with center C* and radius CjA cutting AB at Ai. 
Since Z BAD > Z ABE and Z DAC = Z EBCi, we have 

Z AA,C,(= Z BAG) > Z ABE + Z EBCi (= Z ABC,) 

and d fortiori, > Z ABC*, with A, falling between A and B. 

Now 

AiC, »AC, = BC, (3) 

* 


by (1) above. But this is impossible; for by joining B to C* we have 
AiC* < BC* since A, falls to the right of the foot of the perpendicular 
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from C* to AB, and BCt < BiCi since Ci falls beyond C» from the foot 
of the perpendicular from B to ACi, giving AiC* < BCi, which is con- 
tradicted by (3). Hence Z BAG > Z ABC. Similarly, it may be 
shown that Z BAG < Z ABC. Hence Z BAG = Z ABC, giving AC 
= BC. 

The third new indirect proof, which follows, like the second, has the 
merit of employing only theorems of Book I. 



Fia. 14 


Proof XI. Given AABC, with AD, BE, the equal internal-bisectors 
of the base angles BAG, ABC respectively, intersecting in O (Fig. 14). 
First l^t us suppose that Z BAG < Z ABC. Then OA > OB. 
Since Af) = BE, therefore OD < OE. Extend AD to Ei, making OEj 
= OE, and extend EB to Ai making 0 Ai = O A, Ei l3ring beyond D from 
O and Ai beyond B from O. Join Ai to Ei by a straight line. 

Now AOAiEi = aOAE, giving Z OAiEi = Z OAE and Z OEiAi = 
Z OEA. Since 

Z AOE + Z OEA 4- Z EAO =■ Z BOD + Z ODB -f Z DBO 
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therefore 

Z DBO - Z EAO - Z OEA - Z ODB 
But Z OAE < Z DBO, by hypothesis, and consequently 

Z ODB < Z OEA (1) 

Through B draw line parallel to AEi, through Ei a line parallel to DB, 
these lines meeting at G with G between B and F, rince Z DEiG 
(» Z ODB) < Z OEiAi(= Z OEA), from (1). Let BG prolonged 
meet AiEi at F. Hence 

DEi(- BG)< BF.... (2) 

But 

Z OEA(- Z OEiAi - Z BFA,) = Z ACB + Z EBC 
Therefore 

Z BFA, > Z EBC(= Z OBD) > Z BA,F(= Z OAE) 
by hypothesis, ^ving 

BA, >BF (3) 

Therefore BA, > DE, from (2) and (3), or OA, — OB > OE, — OD, 
giving OA, + OD > OE, + OB or AO + OD > OE + OB or AD > 
BE, which is contrary to the hypothesis. Hence Z BAG < Z ABC. 

Similarly, with subsidiary figure drawn to left of AC, it may be shown 
that Z BAG > Z ABC. Hence Z BAG = Z ABC, giving AC = BC. 

VIII 

The above investigations, in particular Generalized Theorem 7, Sec- 
tion VI, suffice to disclose the real crux of the problem under discussion. 
As customarily stated, the internal-bisector problem is misleading, in 
that it throws the stress upon the wrong features, and veils the essen- 
tial elements, of the geometrical configuration. The condition that the 
two equal lines drawn from the exiremUies of the base of a triangle shall be 
internal bisectors of the base angles is really incidental so far as the real 
problem is concerned. Stress upon the word “triangle” diverts us from 
the correct mode of approach. The fimdamental problem, as we shall 
see, is that of antiparallels“ and their relations to the sides of an angle 

»* Definition: If two line-segments BiC,, B,Cj, joining points B, and Ci, B, 
and C|, of the sides AB, AC respectively of an angle BAC, are such that / ABiC, 
•• Z ACiB], the lines BiC,, BiC, are said to be antiparallels with respect to 
Z BAC. 
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and its bisector. The essential and indispensable conditions for the 
generalised theorem are: (1) the lines through a point in the bisector 
of an angle must meet the sides of the angle; and (2) the segments of 
the lines, included between the sides of the angle, shall be equal. No 
triangle is mentioned in the generalized theorem, already proved above, 
which for convenience will be repeated here: 

Generalized Theorem (7). If the segmenis of two lineSf drawn 
through any point in the bisector of an angle and intercepted by its sides, are 
equal, the bisector is perpendicular to the cross-joips of the corresponding 
ends of the line segments. 

Immediate and inevitable consequences are that both triangles hav- 
ing the angle-vertex as triangle-vertex and the cross-joins of correspond- 
ing ends of the line-segments as bases, are isosceles. 

Another theorem intimately connected with this theorem is: 

Generalized Theorem (7a). Two equal line-segments, included 
between the sides of an angle and passing through a point in its bisector, 
are antiparallels. 

Still another theorem of like character is: 

Generalized Theorem (7b). Two equal line-segments, passing 
through a point in the bisector of an angle and included between its sides, 
make equal angles with the bisector. 

This generalized theorem is of fundamental importance, lying as it 
does on the frontier line between Euclidean and the non-Euclidean 
geometries. Indeed, it may be said to play a criterial rdle in the theory 
of parallels. As a substitute for Euclid’s Fifth Postulate, upon which 
Euclidean geometry depends, we may employ Legendre’s Postulate. 
From any point whatever taken within an angle we can always draw a 
straight line which will cut the two arms of the angle, 

By means of this postulate as a substitute for Euclid’s Fifth Postu- 
late, employing the identical figure of the crucial generalized theorem, 
stated above in three alternative forms, we are enabled to prove Euclid’s 
Fifth Postulate as a theorem, together with the ordinary theory of 
parallels resulting in the demonstration that the sum of the angles of 
a triangle^ make up two right angles.'* The argument follows. 

Legendre was anticipated in the formulation and use of this hypothesis by 
J. F. Lorenz: Orundrisa der reinen und angewandten Mathematik (Helmstedt, 
1791). 

Adrien Marie Legendre: ^'RAflexions sur diff^rentes mani^res de d6monstrer 
la th6orie des parallMes ou le th^ordme sur la somme des trois angles du triangle,*' 
Mem, Ac, Set, 18: (Paris, 1838). Compare Roberto Bonola: Non-Euclidean 
Geometry, English translation by H. S. Carslaw, pp. 55-60 (Chicago, 1912). 
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Let Oy and Mu be two straight lines inaldng an acute and a right 
angle, respectively, with a given line OMz; and lay off Z MOx ■» 
Z MOy (Fig. 15). By Legendre’s Postulate there passes through M a 
line meeting the sides of Z xOy (in A and B). If this line is Mu, the 
theorem is fulfilled. If this line (AB) is different from Mu, then t^so a 
line ssrmmetrical to AB with respect to OMz meets the sides of the Z 
jrOx (in A' and B'). Then Mu, drawn within the Z 0MB, meets Oy 
(in S), i»oving for Case I, when one angle is right and the other acute, 
Euclid’s Fifth Postulate for a special case: “Two lines making angles of 



90® and less than 90® respectively with a given line intersect each other.” 
For Case II, when each of the angles is acute, the theorem is also proved, 
since any line through M lying within Z OMu obviously meets Oy. 

Let us now consider Case III (Fig. 16). Through M draw a line Mv 
making with MO an obtuse an^e OMv such that Z MOy + Z OMv 
< 180®. Lay off Z zMt = Z MOy, which is acute. Now let fall 
from M the line MH perpendicular to Oy. If Z HMv < 90®, Mv and 
Oy meet (Case I). If Z HMv = 90®, vM produced will meet yO pro- 
duced (Case I). If Z HMv = 90®, we have, since by hypothesis 
Z MOy + Z Omv < 180® and Z zMt = Z MOy by construction, Mv 
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falls within the Z OMt, giving Z HMv < 00^, since Mt is parallel to 
Oy. Hence Oy and Mv intersect, by Case I, thus proving Euclid’s 
Fifth Postulate for all cases. 

We shall next proceed to give two direct demonstrations of the Gen- 
eralised Theorem (7). It is necessary, in these proofs, to assume the 
constructions: to draw a parallel, and to draw a perpendicular, to a 
given lina. These constructions, as ordinarily given in the test-books, 
make use of the circle. If we are to establish our proof by means of the 
theorems of Book I only, we shall have to show that the two construc- 
tions mentioned above may be made by ruler and sect-carrier only, 
without employing the aid of the circle. Hence we shall set up three 
lemmas. 



Lemma I. Through a point outside of a line to draw a parallel to the 
line. Given line I and point P outside this line. Through P draw a 
random line to meet line I in Q. Lay ofif, beyond Q from P, QR = PQ, 
Through R draw another random line to meet I in S, extending RS to 
T, making ST = RS. Then the straight line joining P and T will be 
parallel to QS. 

Lemma II. To construct a right angle at a given point. Through the 
given pomt P draw a line at random on which is laid off any convenient 
length PQ. Through Q draw another line at random, distinct from QP, 
on which we lay off QR = QS = QP. Join R to S and P. Then from 
the two isosceles triangles PQS, PQR, and the triangle PQS we readily 
find that the Z RPS is a right angle. 

Lebcma III. To erect a perpendicular to a given line. Through P, a 
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point on the given line I, draw two random lines, distinct from 1; lay 
off on each any chosen length PQ = PR, and from P lay off on I, PA = 
PB - PQ (Fig. 17). Join A, B to R, Q and let AR meet BQ in S, AQ 
meet BR in T. Then TS is perpendicular to line 1. This follows from 
Lemma II, giving Z AQB = Z ARB « 90®, and the theorem in Book 
I on the concurrence of the three perpendiculars from the vertices of a 
trian^e (ABT) to the opposite sides. 


T 



Generalized Theorem (7). Second Proof. 

Given Z xOy with bisector Oz, and two equal line segments AB, 
A'B' drawn through a point M on the bisector Oz (Fig. 15). Through 
M draw line Pw parallel to Ox (Lemma I), Mu perpendicular to Oz 
(Lemma III), meeting Oy in S, and the perpendicular to Oy, meeting 
it in H and Ox in J (Lemmas I and III). Because of symmetry and4he 
nature of parallelism, we need to confine our attention only to lines 
A"B" drawn within Z PMu. Obviously there are two cases. Case I. 
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Suppose A"B" falls within A HMP. Then MH < MA" < MP, and MJ 
< MB" < Mw (infinite in length). Hence A"B" ranges continuously in 
value from HJ to Pw (infinite in length) . Case 11. Suppose A"B" falls 
within Z HMS (Fig. 18). Through A", B", R, S draw perpendiculars 
to RS, namely A" Q, B" N, RL, and SV. Lay off MT = MB" and on 
MS drop from T a perpen<ficular Tu. Now MA" > MQ, LM > RM, 
and B " L > NR (= Su) > QS, since Z VSA" > Z VST. Adding to- 
gether these inequalities we have A"B" > RS. Similarly we may 



prove that A"B" < HJ; and that any additional line A'"B"' (not 
drawn) falling within Z A" MS satisfies the inequalities RS < A"'B'" 
< A"B". Hence A"B" ranges continuously in value from RS to HJ. 

From dases I and II it follows that every such line A"B" passes con- 
tinuously through all values between RS and Pw (infinite in length), 
and consequently for that 'range is in one-to-one correspondence with 
the real number system. Hence there is but one such position corre- 
sponding to AB, viz. A"B" = AB. Hence A"B" coincides with A'B', 
which is determined in position by the construction given above. 
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We conclude that Oz is perpendicular to AA' and BB', and hence 
that the triangles AOA' and BOB' are isosceles. We should note, 
furthermore, that 

MA « MA', MB = MB', Z OMA = Z OMA', Z 0MB « Z OMB' 

Since AAOB « AA'OB', we have also proved Theorem 6, Section IV. 

It may be observed that, since Z OBM = Z OB'M, we may state 
a theorem intimately corrected with Generalized Theorem (7) as 
follows: 

Generalized Theorem (7c). If two line-^segmenlBy drawn through a 
point in the bisector of an angle and intercepted by its sides, are equal, they 
divide proportionally the base angles (both irUemal and external) of the 
two triangles, both of them isosceles, formed by the sides of the angle and the 
cross-‘joins of the corresponding ends of the two line-segments. 

The following theorems are consequences of the Generalized Theo- 
rems (7), (7a), (7b), (7c): 

Theorem 8 . Equal antiparallels to the sides of an angle meet on the 
bisector of the angle. 

Theorem 9. Of two line-segments passing through a poinJt in the bi- 
sector of an angle and intercepted by its sides, that one which makes the 
greater angle with the bisector is the shorter. 

As special cases of the generalized theorem we may note the following 
positions of AB, A'B', in addition to that of internal bisectors of the base 
angles of AOBB': the medians of the triangle drawn from B, B' to the 
opposite sides, the symmedians, the perpendiculars to the opposite 
sides, etc.^* 

A straightforward generalization of the internal-bisector problem is 
the following: 

Generalized Theorem (8). If two lines, dividing proportionally the 
Theorems (7c), 8 and 9 are variously interconnected. 

Concerning the symmedians, consult V IntermSdiaire des Mathhnaticiens 8 
(1874), contributions by Alauda, Dellac, Sollertinsky, Lemoine and Tarry. The 
most elegant indirect proof known, applicable alike to internal bisectors and 
symmedians, is that of Tarry, l.c. Much more elaborate indirect proofs for the 
internal bisectors are those of Sylvester and B. L. Smith in the former’s article, 
l.c. The briefest proof, which is indirect, is that referred to in footnote 10. An 
extended direct proof of the internal bisector problem, by the use of Book I, is that 
of G. 1. Hopkins in E. S. Loomis, Original Investigation on How to Attack an 
Exercise in Geometry (Boston, 1901). Of. Archibald Henderson, chapter ^*M|ith- 
ematics” in Roadsto Knowledge (New York, 1932), Except for the proof of Hop- 
kins, I know of no direct proofs, by the use of Book I only, except those of the 
present monograph. 
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bate angles of a triangle internally, are cut by the opposite sides in two equal 
lino-segments, the triangle is isosceles. 

A proof, by the indirect method, follows. Given AABC, with Ax, 
By dividing the base angles BAG (= a), ABC (=> 0 ) proportionately 
and meeting the sides AC, BC in D, E respectively, so that Z BAD 
na, Z ABE *= n/3, (o < n < 1), and AD * BE (Kg. 19). Now three 


C 



cases arise, depending upon the relative size of a and 0 Case I. Sup- 
pose Z a > Z /J. Then Z BAD > Z ABE, giving 

BD>AE (1) 

Through A, B draw lines parallel to CB, DA respectively, meeting in P> 
and join P to E. Then BP s AD =: BE, mal^g 

Z BEP = Z BPE (2) 

But since^A (« BD) > AE, from (1), 

Z AEP > Z APE (3) 

Adding (2) and (3) we have 


Z BEA > Z BPA 


(4) 
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Z BAE + Z ABE + Z BEA = Z ABP + Z BAP + 

Z BPA a 180“ 
or 

Za + Z n/3 + Z BAE = Z na + Z/S + ZBPA 

Hence 

Z BAE - Z BPA = (n - 1) Z (« - /9) 

which is impossible, since the left side of the equation and a — ^ are 
positive, but n — 1 is negative. Case II. If we assume Z a < Z /3, 
a similar contradiction may be shown, by drawing through A, B lines 
parallel to EB, CA respectively. Hence Za = Z/S, and therefore 
AC = BC.» 

By the use of the formula for the length of the internal bisector, we 
find by setting AD* = BE*, 

c(a — b)(a 4" b + c)(c* 4* 3abc 4* be* 4" ftb* 4* 4" S'*!*) = 0 

pving the unique solution a = b. If however we adopt the same 
method for the external bisectors of the same base angles, a different 
situation develops, since we find 

c(a — b)(a 4- b 4- c)(c* 4- 3abc — be* — ab* — ac* — a*b) = 0 

giving two possible solutions: a = b (1) and c’ 4- 3abc — be* — ab* 
— ac* — a*b) = 0 (2). Equation (1) gives the isosceles triangle case; 
equation (2) may be put in the form 4Rro = ab 4- c*, where R is the 
radius of the circumcircle of the triangle and ro is the radius of the circle 
externally tangent to the side AB.“ 

Generalized Theorem (7). Third Proof. Given Z A with bi- 
sector AO, and equal line segments BOE, COF intercepted between 
sides of Z A (Fig. 20). Drop a perpendicular on AO produced, meet- 
ing it at N and EB at L (Lemmas II and III). Extend LN to Li, mak 
ing NLi LN. Draw line through O and Li, meeting the sides AB, 

** Of this theorem I have seen no direct proof. 

Mathesis 16: 261-2 (1805). Compare also Sylvester, I.e. for a trigonometric 
analysis which merely skirts the edges of the problem of the external bisectors. 
Apparently no solution, solely by geometrical methods as expressed by the condi- 
tion 4Rr« ab + c*, is available. Consult, however, W. £. Heal: Paper II. 
Relating to the Demonstration of a Geometrical Theorem, American Mathematical 
Monthly 26: 182-3 (1918). 
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AC of the pven angle BAG at Ei, Bi respectively. Since L NOLi » 
L NOL, and Z EOBi = Z EOB, therefore Z NOEi = Z NOE and 



Fro. 21 


Z AOEi = Z AOE. Henc6 AAOEj = AAOE, giving AEi = AE and 
Z AEiO = Z AEO. There AAiEiBi =* AAEB. Therefore ABi * AB 
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and EjBi « EB. From the symmetry of the figure about AO, the con- 
tinuous increase of length of intercepted segment from RS to -Pw (Fig. 
15) and the uniqueness of the construction of EiBi, it follows that FC 
must coincide with EiBi. Hence EB = EiBi = FC; and therefore 
AB = AC, and AO is perpendicular to EF and BC at their respective 
mid-points. 

IX 

Since the lines AB, AC, BE, CF constitute the nucleus of a complete 
quadrilateral, the generalized theorem falls in the domain of projective 
geometry. It nevertheless has a semi-metrical character, because of 
the condition that the segments of the lines through a point on the bi- 
sector of the given angle and intercepted between its sides, are equal. 
The following proof of the internal-bisector problem brings into clear 
relationship the projective, harmonic, and metric features of the theorem, 

Given AABC, with internal bisectors AD, BE, CF of the angles A, B, 
C, meeting at O (Fig. 21). Prolong BE and CF to meet the perpendicu- 
lar to AO at A, in the points Bj, Ci respectively. Join Bi to C and Ci 
to B. Since AO and ABi are the internal and external bisectors of 
Z BAC, therefore BOEBi and COFCi are harmonic ranges with 0 as self- 
corresponding point. Therefore BC, FE, CiBi are concurrent in the 
point K; and since the triangles BFCi, CEBi are in perspective, then by 
Desargues^s Theorem, BiC, CiB; BiE, CiF; CE, BF meet in the collinear 
points Ai, 0, A respectively. Now BC and FE are perpendicular to 
AOAi [Generalized Theorem (7) Section VIII], and hence parallel to 
CiBi. Hence K goes to infinity; and D, paired with K in the harmonic 
range BDCK, bisects BC. Accordingly AB = AC. 


Univbbsitt of North Carolina, 
Chapel Hill, N. C. 



NOTES ON THE GENUS FLINDERSIA R. Br. AND THE SYS- 
TEMATIC ANATOMY OF THE IMPORTANT FLINDER- 
SIAN TIMBERS INDIGENEOUS TO QUEENSLAND 

By Ellwooo S. Habbab 
Plates 24-26 

INTBODTJCTION 

The genus Flindersia R. Br., since it was first recognized as distinct 
from other related groups, has been subject to considerable taxonomic 
disagreement among systematists. Bentham and Hooker (1862-1867) 
originally placed Flindersia in the Meliaceae. Bailey (1899-1902) like- 
wise classified it with this family when he compiled “The Queensland 
Flora.” Engler and Gilg (1924) noted the occurrence of secretory 
tissue in the leaves and cortex of several species and promptly trans- 
ferred the genus to the Rutaceac, although Hutchinson (1926) still 
holds to the concepts of Bentham and Hooker. Welch (1931) suggests 
that the group might occupy a position midway between the Rutaceae 
and the Meliaceae, and White (1931), after carefully examining floral 
characters, states that Flindersia appears to be more closely related to 
the Rutaceae than to the Meliaceae but favors the formation of a new 
family, Flindersiaceae. 

The present study has a two-fold purpose: (1) to present information 
of diagnostic value concerning the important commercial timbers of 
this genus which are indigenous to Queensland, and (2), to ascertain 
if there is sufficient evidence, based upon wood anatomy, to determine 
accurately the correct taxonomic position of Flindersia. 

SIZE AND DISTBIBUTION 

Accor^g to White (1921) Flindersia comprises 18 species of trees 
only 3 of which occur naturally beyond Australian shores. The Queens- 
land flora includes 14 or 15 species; these are widely scattered through- 
out the state, some occurring in the rain-forests and others in much less 
humid regions. Economically the group is rather important and is 
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especially noted for the very fine cabinet woods and structural timbers 
which it produces. 

MATERIALS 

The materials which served as a basis for this study were obtained 
from the Queensland Service through the cooperation of the Provisional 
Forestry Board, Brisbane, Queensland. Herbarium sheets from the 
identical tree accompanied each specimen of wood and all were 
checked for accuracy of identification by government botanists before 
shipment to the United States. The wood samples now reside in the 
collections of the Department of Wood Technology, The New York 
State College of Forestry at Sjrracuse, New York, and the herbarium 
material is on file at the New York Botanical Garden, Bronx Park, New 
York City. Additional wood samples, many of them trade samples 
from the collections of the New York State College of Forestry, and from 
those of the College of Forestry, University of Washington, Seattle, 
Washington, were used for purposes of comparison and for the collection 
of additional anatomical data. The species examined are indicated 
below: 

1. F, acuminata C. T. W. 

2. F. australis R. Br. 

3. F. bennettiana F. v. M. 

4. F. bourjotiana F. v. M. 

5. F. brayleyana F. v. M. 

6. F. coRina Bful. 

7. F. ifflaiana F. v. M. 

8. F. oxleyana F. v. M. 

9. F. pubescens Bail. 

10. F. schottiana F. v. M. 

CHARACTERISTICS OF FLINDERSIAN WOOD 

Physical properties. Sapwood creamy white to silvery white or yel- 
lowish white, gradually merging into somewhat darker heartwood, 
except in those woods where these two zones cimnot be differentiated; 
heartwood creamy white, silvery white, pale yellow, light brownish 
yellow, li^t golden brown or rarely mahogany-red or coppery red; dull 
or with a pronounced pearly lustre or silky sheen; occasionally oily to 
the touch; with an aromatic odor, rancid, or odorless; in weight ranging 
from approximately 35 to 60 lbs. per cubic foot air-dry; usually even- 
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textured; straight, imdulate, or firmly interlock-grained; plainly or 
handsomely figured. 


Anatomical features 

Growth rings occasionally evident at high magnifications but not 
sharply defined, usually delineated by narrow to relatively wide lines 
or bands of dense fibrous tissue where growth increments adjoin. 

Vessels variable in size but of nearly uniform diameter within a species, 
oval, orbicular, and polygonal (x),^ solitary, in 2-8 (mostly 2-4) radial 
rows, and occasionally in small clusters not exceeding 6, usually sur- 
rounded by a narrow sheath of parenchjona which is often interrupted 
by fibers and wood rays flanking the vessels; vessel members variable 
in length, truncate or with short tails at one or both ends, commonly 
plugged at the jimctures or wholly occluded with yellow to reddish 
brown gummy infiltration or white granular deposits; perforation plates 
simple, nearly horizontal; inter-vessel pits irregularly polygonal, 
crowded, 4-8 microns in width; pits leading from vessels to ray and 
longitudinal parenchyma similar to but smaller than those of the inter- 
vessel type; tyloses wanting. 

Fibers usually less than 30 microns in diameter, thin- to extremely 
thick-walled, non-septate, aligned in radial rows which are further aggre- 
gated into extensive tracts; inter-fiber pits minute, orbicular to slit-like, 
bordered.* 

Longitudinal parenchyma metatracheal, paratracheal, and diffuse, 
in cambiform rows of 2-8 units along the grain, occasionally further 
divided into crystal loculi: (a) metatracheal paranchyma abundant 
(in certain woods this is the most conspicuous feature on the trans- 
verse section), the cells forming 2-40 plus (mostly 2-12) seriate 
bands (x) which occur with considerable regularity in some woods and 
very irregularly in others; (b) paratracheal parenchyma usually forming 
a 1-3 seriate sheath, often dissected by fibrous tissue and rays; (c) 
diffuse parench 3 rma seldom conspicuous, the cells occurring as isolated 
individuals scattered through the tracts of fibrous tissue; cells of all 
types occasionally cr 3 rstalliferous, (except in F. bourjotiana) those of 
the and ^*b'' types occasionally thick-walled; inter-parench 3 rmatous 
pits minute. 

Wood rays plainly ^ visible or indistinct without a lens, unstoried, 

^ X. r. t. transverse, radial, and tangential surfaces respectively. 

’ Pit borders in the very thick-walled fibers are usually poorly developed and 
in some instances appear to be wholly lacking. 
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homogeneous, or rarely bordering on the heterogeneous type, hetero- 
geneous in F, coUina, 1-7 seriate, of nearly uniform width within a 
species, but quite variable in height; inter-ray cell pits minute; gummy 
infiltration sparse; crystals wanting (except in the marginal upright ray 
cells in F. collina), 

Oum canalB present at wide intervals, restricted to the broader bands 
of metatracheal parenchyma, solitary or in tangential rows of 2-many, 

Pertinent features of the species 

This study has revealed that flindersian timbers possess numerous 
physical and anatomical departures of sufficient magnitude to permit 
of their specific identification. To facilitate comparisons, the significant 
properties of each have been noted and recorded in Table I. A key for 
these woods, based on both their microscopic and macroscopic char- 
acteristics, also has been compiled. 

KEY TO THE WOODS 

1. Heartwood reddish brown, mahogany-red, or copper-colored, aromatic 

F. hrayleyana 

1. Heartwood ranging through shades of creamy white, silvery white and grayish 
white to yellow-brown, golden brown or brownish white, never tinged with 


red, odorless or occasionally rancid, but never aromatic 2 

2. Heartwood with a rancid odor, oily to the touch 3 

2. Heartwood odorless or if scented not rancid, not oily to the touch 4 


3. Wood rays plainly visible without a lens, 1-6 seriate; ray cells 40-60 microns in 

diameter (t); metatracheal parenchyma cells thin-walled F. australis 

8. Wood rays not discernible without a lens, 1-3 seriate; ray cells 30*^ microns in 

diameter (t) ; metatracheal parenchyma cells thick-walled F. iffiaiana 

4. Vessel orifices plainly visible without a lens 6 

4. Vessel orifices indistinct without a lens 7 

5. Fiber walls uniformly thin; metatracheal parenchyma very sparse 

F, acuminata 

5. Fiber walls variable in thickness, those in the outer limits of growth rings 

the thickest 6 

6. Wood rays 1-5 seriate, 32-40 cells high; growth rings poorly defined; longi- 
tudinal parench 3 rma commonly crystalliferous F. puAescens 

6, Wood rays 1-3 seriate, 24-30 cells high; growth rings sharply defined; longi- 
tudinal parenchyma nearly or wholly devoid of crystals. . . F. hourjotiana 

7. Wood rays 1-2 seriate, 12-18 cells high; growth rings sharply defined. 

F. schottiana 

7. Wood rays 1-7 seriate, 80-62 cells high; growth rings poorly defined 8 

8. Vessels mostly in 2-4 radial rows (x), 14-28 per mm*, metatracheal pareneljyma 

sparse F. oxleyana 

8. Vessels mostly solitary and radially paired (x), 10-17 per mm*; metatracheal 
parenchyma abundant 9 
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CrystalliferouB cells abundant except in F. hourjoiiana. 
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9. Wood rays heterogeneous, the cells 25-30 microns in diameter (t), occasionally 
crystalliferous ;metatracheal parenchyma bands 2-12 seriate . ... F. collina 
9. Wood rays homogeneous, the cells 15-20 microns in diameter (t), non-crystal* 
liferous; metatracheal bands 1-7 seriate F. bennetiiana 

DIBCITSSION 

Since the pertinent physical and anatomical properties which char- 
acterize flindersian wood have been already reviewed, it now becomes 
expedient to compare them with those which feature the Meliaceae and 
Rutaceae, respectively. 

The timbers of the Meliaceae, as well as those of the Rutaceae, them- 
selves exhibit a wide range of physical and anatomical properties. On 
the other hand, there are several species included in each of these two 
families which possess numerous features in common. Woods of this 
sort not infrequently suggest close botanical affinity, and in many in- 
stances it is only after they have been critically examined that their 
real taxonomic relationships become apparent. Included among woods 
of this type are those produced by members of the genus Flindersia. 
In this group of woods the arrangement of vessels and the distribution 
of longitudinal parenchyma closely resembles that of many rutaceous, 
as well as a large number of meliaceous woods. The perforation plates, 
inter-vessel pitting, pits between vessels and ray or longitudinal paren- 
chyma are likewise all so similar that they are of practically no value 
diagnostically. It is, therefore, rather obvious that the true systematic 
position of Flindersia can be determined only after comparisons have 
been made with those physical and anatomical features which alone 
give real character respectively to the Meliaceae and to the Rutaceae. 

Meliaceous woods are pink, red, or reddish brown for the most part, 
while those belonging to the Rutaceae usually vary through shades 
of lemon-yellow to light yellowish brown or brownish white. With 
respect to color the heaftwood of F. brayleyana is typical of many woods 
belonging to the mahogany family,* but the colors of the nine other 
species examined are much more characteristic of woods included in the 
rue fam^. Scented woods are featured by several genera of both 
families. Those included in the Meliaceae are commonly aromatic, 
while in the Rutaceae ill-scented ones are occasionally found. The tim- 
bers of F. avstralis and F. ifflaiana are noticeably rancid, while those of 
F. brayleyana and F. laevicarpa possess pleasant aromas. 

* Swain (1928) reports that the timbers of F. pimentiliana F. v. M. and F. 
laevicarpa O. T. W. possess a reddish hue. 
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An element of nearly universal occurrence in meliaceous wood is the 
septate fiber. According to Kribs (1930), fibers of this sort arc de- 
veloped in all members of the large sub-family, Swietenioideae, as well 
as in the vast majority of those woods included in the sub-family Meli- 
oideae. They are wanting, however, in the single genus Lovoa of the 
sub-family Lovoinoideae. Septate fibers have never been observed in 
woods comprising the Rutaceae, nor do they occur in fiindersian timbers. 

Structural differences in the wood rays are also diagnostic and offer 
additional means for differentiating between many woods of these two 
families. In the Meliaeeae, the heterogeneous ray, like the septate 
fiber is a nearly constant feature of the wood. Rays of this sort occur 
in all of the woods in the Swietenioideae (Kribs, 1930), and in most of 
the Melioideae. In fact only four genera belonging to the mahogany 
family, namely, Ijovoa, Ekebergia, Walmra^ and Azadirachta include 
woods which possess neither heterogeneous rays nor septate fibers. 
Where heterogeneity exists, two types of rays are commonly present. 
The larger and more conspicuous of the two is usually multiseriate and 
is composed of procumbent cells through the medial portion, and then 
is tapered above and below to uniseriate margins consisting of one to sev- 
eral rows of upright cells. In woods belonging to the Swietenioideae 
the marginal upright cells commonly contain crystals. The smaller ray, 
by contrast, is ordinarily uniseriate and consists entirely of upright ceUs. 

Narrow homogeneous rays feature woods belonging to the Rutaceae, 
although in several species the marginal ray cells are greatly restricted 
in length radially across the grain thus resulting in a structure border- 
ing on the heterogeneous type. Marginal cells of this sort are devoid 
of crystals. 

Ripple marks traceable to storied w'ood rays feature several genera 
of the Meliaeeae. In rutaceous wood they have been observed only in 
members of the genus Chloroxylon. The taxonomic position of this 
genus, however, is debatable and its inclusion in this family appears to 
be more or less provisional. 

Except in F. collina the rays of all fiindersian woods examined are 
homogeneous or merely border on the heterogeneous type in the manner 
described above, and neither the marginal nor body ray cells contain 
crystals. The rays of F. collina, on the other hand, are strongly heter- 
ogeneous, and many of the marginal upright cells are crystalliferous, 
features exhibited in woods belonging to Swietinioideae of the Melnuseae. 
None of the ten woods examined hsis storied wood rays. 

Gum canals have been observed in many genera of both families. 
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hence their occurrence in Flinderaia is of little diagnostic significance 
here. 

Based upon modern taxonomic concepts Flinderaia appears to be 
more closely related to the Rutaceae than to the Meliaceae. From the 
discussion Just completed it is evident that a nearly parallel situation 
exists when viewed from the standpoint of wood anatomy. Neither 
the taxonomic nor anatomical characteristics point clearly to either of 
these two families, but rather appear to combine certain features of 
both. In conclusion the writer feels that the anatomical evidence 
gathered during this study lends further support to White's (loc. cit.) 
views; namely that Flinderaia should be set up as a separate family, 
the Flindersiaceae. 

SUMMARY 

1. In Queensland the timbers produced by the genus Flinderaia are 
commonly sold in mixture and thus lose their identity in the trade. In 
recent years several of them have been used in the United States for 
cabinet purposes. A S 3 r 8 tematic study of the wood from 10 of the more 
important species resulted in obtaining numerous physical and anatomi- 
cal departures of suflScient magnitude to permit of specific identification. 

2. Flmdersian wood exhibits physical and anatomical features which 
are neither wholly rutaceous nor meliaceous, but rather combine several 
characteristics of the rue and mahogany families, respectively. 

3. The formation of a new monotypic family, Flindersiaceae, to receive 
the genus Flinderaia is favored by the writer. 

Duke Forest, 

Duke University, 

Durham, N. C. 
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EXPLANATION OF PLATES 
Plats 24 


Fig. 1. Transverse section of 
Fig. 2. Tangential section of 
Fig. 3. Transverse section of 
Fig. 4. Tangential section of 
Fig. 5. Transverse section of 
Fig. 6. Tangential section of 
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Fig. 1. Transverse section of 
Fig. 2. Transverse section of 
Fig. 3. Transverse section of 
Fig. 4. Tangential section of 
Fig. 5. Transverse section of 
Fig. 6. Tangential section of 


Flindersia acuminata, X 35. 
Flindersia acuminata, X 35. 
Flindernia australis, X 35. 
Flindersia australis, X 35. 
Flindersia hennettiana, X 35 
Flindersia hennettiana, X 35. 

Plate 25 

Flindersia bourjotiana, X 35. 
Flindersia bourjotiana, X 35. 
Flindersia brayleyana, X 35. 
Flindersia brayleyana, X 35. 
Flindersia collina, X 35. 
Flindersia collina, X 35. 

Plate 26 

Flindersia ifflaiana, X 35. 
Flindersia puhescens, X 35. 
Flindersia ozleyana, X 35. 
Flindersia ozleyana, X 35. 
Flindersia schottiana, X 35. 
Flindersia schottiana, X 35. 
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THE DESTRUCTIVE DISTILLATION OF PEANUT HULLS 
By Walker F. Hxtntkb, Jb.^ and R. W. Bobt 

INTRODUCTION 

Numerous laboratories have attempted to develop processes for the 
utilization of bulk farm waste products in this coimtry with little suc- 
cess. Of these waste products, perhaps the most logical to utilize are 
the so-called pentosan waste products, since they are already concen- 
trated in industry. The most outstanding utilization so far has been 
the development of furfural and furan derivatives by the Quaker Oats 
Company. 

For the work described in this paper peanut hulls were used, although 
most of the material may apply equally as well to the other products, 
such as wheat and other grain hulls, com cobs, and certain straw and 
stalks of farm waste. Over 70,000 tons of peanut bulls are collected 
yearly in southern shelling and processing plants. When aU these farm 
products are considered, the waste staggers the imagination. It is 
true that these products have found many uses to date, but they are 
always a burden and not an asset to the concern that has them. For 
fuel they are locally used at the site of production, but due to their 
bulk, transportation is out of the question. Otherwise, they are sup- 
plied to a small local market free or at a minimum cost as substitutes 
for other cheap products. 

Certain researches have been carried out on peanut hulls with little 
success and no commercial advancement. Though they contain up- 
ward of 40% cellulose, it has beenfound by the U. 8. Farm Waste Division 
to be an uneconomical source of alpha cellulose.^ This result is due to 
low yield of alpha cellulose and the drastic and Expensive processing 
that must be applied to free the cellulose from the other constituents 
of the hulls.* Though peanut hulls might lend themselves to the pro- 
duction of furfural as well as oat hulls, no one has seen fit to compete 
commercially with this source.** • Fermentation, both anaerobic and 

^ Present address, Eastman Kodak Co., Rochester, N. Y. 

* Anon., Chem. and Met. Eng., 37: 417 (1830). 

* Lynch and Goss, Ind. and Eng. Chem., 83 : 003 (1030). 

* Hall, Slater, and Acree, Bur. Standards J. Research, 4 : 320 (1030). 

* Bryner, Christensen and Fulmer, Ind. and Eng. Chem., 88: 206 (1036). 
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aerobic, has been investigated but low yields were obtained, due, it is 
believed, to the inhibiting action of the lignin present.* 

It appears, today, that wood distillation from a commercial point of 
view is rapidly losing its prestige. The economic condition of this in- 
dustry is largely due to competition from synthetic chemicals and also 
to the increased cost of purifying the products distilled from wood. If 
the cost of raw material could be lowered and technical advance could 
be made in the industry, destructive distillation might obtain a better 
footing economically. This research was instigated to determine the 
relationship between the products of distillation from pentosan waste 
products such as peanut hulls and those from wood; any difference being 
due to plant structure and pentosan content.^* If Any appreciable 
difference were found, the economic status of these waste products 
might allow this type of utilization. 

experimental 

The distillation was carried out in a cylindrical iron retort which 
was electrically heated from the outside by four 550-watt heating coils. 
The furnace was inches in diameter by 18 inches long, inside dimen- 
sions, and insulated by a steel jacket containing 2 J inches of magnesium- 
asbestos cement. Untreated hulls were introduced at one end of the 
core by removing an iron plate which was held against a half imion by 
four J-inch bolts. The whole was made air-tight by a copper-asbestos 
gasket between this iron plate and the half union connected to the core. 
The distillate was carried off by a J-inch iron pipe connected through a 
pipe cap screwed to the other end of the core. With this apparatus it 
was possible to reach a red heat of iron within one hour, though more 
time was utilized in the process of distillation. The heating was con- 
tinued until nothing more distilled over. Usually two or three hours' 
heating was required for each distillation. 

The products distilled can be divided into three fractions by their 
physical properties. The gases were inflammable and contained carbon 
monoxide, carbon dioxide, hydrogen, and low molecular weight organic 
compoimds^ The liquid distillate was miscible with water, contained 
varied organic compoxmds to be discussed later, and large quantities of 

• Fred, Peterson, and Anderson, Ind. and Eng. Chem., 16: 120 (1923). 

^ Fraps, Am. Chem. J., 26:26 (1901). 

• TTood Diatillatiorif by L. F. Hawley, Chem. Cat. Co. (1923). 

• The Pyrolysis of Carbon Comp 9 und 8 , by Charles Dewitt Hurd, Chem. Cat. 
Co. (1929). 
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water. The semi-solid portion which was immiscible with water and 
the water fraction, was colored a light yellow but darkened on standing. 
This color change occurred in the presence or absence of light and air. 
Also further tar was formed from the water fraction on standing. The 


TABLE I 

Compounds identified in pyroligneous acid 


ocnaoxnm 

nKBlVATTVa 

MBX/nira 

POINT 

BBMAXKS 

Acetone 

2-4 dinitrophe- 
nylhydrazone 


Mixed M.P. 127®C. 

Ethyl n-propyl 
ketone 

2-4 dinitrophe- 
nylhydrazone 

130 

Does not give test for alde- 
hydes. Proven by mixed 

melting points not to be 
aeetone or methyl n-propyl 
ketone 

Methyl n-butyl 
ketone 

2-4 dinitrophe- 
nylhydrazone 

110.5 

Mixed M.P. 

Formic acid (solu- 
tion) 

No derivative. 

Quantity and di- 
lution prohib- 
ited further 
treatment 

Reduced 
aldehy 
gent, ; 
solutic 
Hga, 
regene 
an aci( 

KMnOi but does not give 
de test with Schiff’s rea- 
Fehling solution, or Benedict’s 
m. Precipitates HgCl from 
solution on heating. Solution 
rated from Ca ssdt and must be 

1 

1 

Acetic acid 

p-nitro benzyl 
acetate 

77.8 

Typical odor and proved to be 
acid. Mixed M.P. 77.8°C. 

Ethyl alcohol 

3-5 dinitroben- 
zoate of ethyl 
alcohol 

92 

! 

Mixed M.P. 92®C. 

Butyric acid esters 

No derivative. 
Quantity too 
small 

NaOH sa 
H,S04 

iponification— acidification with 
gave unmistakable odor of atcid 


material used for further analysis was a composite of distillates, except 
gases, of many distillations. The carbon residue remaining in the fur- 
nace was quite finely divided and could easily be ground in a mortar to 
such a degree of fineness that colloidal solutions of the carbon would 
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TABLE II 

CompoundM indicated in pyroligneous add 


Methyl Alcohol 


Allyl Alcohol 


sec-Butyl Alcohol 


BSMABKI 


Due to small volume of pure material^ a pure derivative could 
not be obtained. Its odor and boiling point indicated the 
presence of methyl alcohol and by reactions the fraction 
was proved to be an alcohol 

Dilute water solution. Reduced KMNO4 and bromine in 
CCI4. Derivative was impure and reactions were not 
positive enough to be considered proper proof of the 
presence of allyl alcohol 

Dilute water-alcohol fraction, impure. No derivative. 
Water solution gave iodoform test. This is quite indicative 
after elimination of other compounds which give iodoform 
under these conditions, but is not considered definite 
enough to be conclusive 


TABLE III 


Data on higher boiling fractions 


FBAO 

TXON 

LXTIfVS 

SOLUBILXTT I 
ZN WATBB 

COLOR 

WITH FeCh 

BCHIFF*S 1 

2-4 

DINITRO- 

PHBNTL 

HTDRAAUOD 

RITEOaBM 

BOILINO 

POINT 

5 

Acid 

Slight 

Brown 

Neg. 

Neg. 

Neg. 

•c. 

106-118 

6 

Acid 

Slight 

Reddish 

Pos. 

Neg. 

Neg. 

146-160 

7 

Acid 

Slight 

brown 

Reddish 

Pos. 

Pos. 

Neg. 

160-155 

8 

Acid 

Slight 

brown 

Reddish 

Pos. 

Neg. 

Neg. 

157-160 

0 

Acid 

Neg. 

brown 

Dull 

Pos. 

Neg. 

Pos. 

160-100 

10 

Acid 

Neg. 

brown 

Brown 

Pos. 

Neg. 

Pos. 

198-205 

11 

(weak) 

Acid 

Neg. 

Brown 

Pos. 

Neg. 

Pos. 

205-210 

12 

(weak) 

Acid 

(w^ak) 

Acid 

Neg. 

Brown 

Neg. 

Neg. 

Pos. 

212-200 

13 

Neg. 

Brownish 

Neg. 

Neg. 

Pos. 

220-225 


(weak) 


black 






result when it was treated with water. No significant work was done 
on the carbon. This will be studied later. 

The pyroligneous acid or water fraction was treated with lime to 
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remove the acids and then subjected to fractional distillation. The 
methyl ketones were then separated by sodium bisulfite. By thus 
separating this fraction of the distillate, some identifications have been 
made, as shown in Table I. Due to the large excess of water, the num- 
ber of products, and the limited quantity of material at hand, many 
compoimds that were evidently present were not definitely proved as 
constituents of the distillate. However, the results from the physical 
properties and chemical reactions have rather definitely proved that 
the products were quite similar to the products of wood distillation, if 
not somewhat more complex. The evidence concerning the presence 
of some other compounds not definitely proved to be present is discussed 
in Table II. 

Termination of the research left the oil fractions without identifica- 
tions. However, the oils were fractionated and many reactiops deter- 
mined. This oil contains fractions which boil between 100®C and 225®C. 
Together with these boiling points are given some of the properties of 
the individual fractions of this oil. Table III. 

The tar product was a plastic solid at ordinary temperatures and con- 
tained small amounts of carbon. Since no indications of aldehydes 
were found throughout the work, it is logical to conclude that the tar 
is formed from these compounds and phenols, along with other poly- 
merized and high boiling products. 

CONCLUSIONS 

This mode of destructive distillation resulted in products little differ- 
ent from those derived by destructive distillation of wood. The bulk 
of this type waste product will also be an inhibiting factor in this method 
of utilization. The work as a whole has shown that the products are 
identical in physical properties with those from wood distillation, that 
their chemical content is approximately the same, and that such a proc- 
ess would inherit all the difiiculties known in this industry today. 
These difficulties center themselves in the complexity of the materials 
obtained. Under our present economic status of synthetic chemistry, 
petroleum, and coal, this type of process has little chance of existence. 
In case of a shortage of coal or petroleum, this material can be utilized 
as a source to obtain similar products as substitutes. The research pro- 
gram has indicated other possible avenues for utilization of these prod- 
ucts but opportimity to follow them up has not arisen. 


Chsmical Labobatoht, 
University of North Carolina, 
Chapel Hill, North Carolina. 



ACHLYA FLAGELLATA AS A FISH PARASITE 
By Wesley N. Tiffney and Feed T. Wolf 

In the spring of 1935 the senior author observed in a small pond near 
Lexington, Massachusetts, a considerable number of newts infected 
with a fungous disease. The host was identified as Triturus viridescem. 
Specimens were brought into the laboratory, and two species of fungi, 
Saprolegnia parasitica Coker and Achlya fiageUaia Coker,^ were isolated 
from a number of them. The presence of both species of fungi on the 
infected animals was furthermore verified by direct examination. In- 
asmuch as Achlya flagdlaia occurred in connection with Saprolegnia 
parasitica^ which is known to be a severe parasite, while Achlya flagdlata 
has apparently never been reported in the literature as a parasite, little 
significance was attached at that time to the isolation of the latter 
species from infected animals. 

The second isolation of Achlya flagdlaia from diseased animals oc- 
curred in the autumn of 1935. Specimens of Lebistea reticvlalus had 
been secured and kept in a 25-gallon aquarium tank in water from the 
Cambridge, Massachusetts, municipal supply. These fish were in- 
tended for use in a study which was being made of some physiological 
aspects of parasitism by Saprolegnia parasitica. After about eight 
weeks in the aquarium tank, twelve of the seventy fish were observed to 
be infected by a fungus which was identified as Achlya flagellala. No 
other species of water mold was present, although large masses of bac- 
teria appeared about the infected areas on the fish. From experience 
gained in studying the etiology of the Saprolegnia parasitica fish disease, 
the senior author believes that bacteria, which usually are not fatal to 
the fish, should be regarded as secondary invaders. All the fish infected 
by the fungus died. 

Achlya flfigellata was isolated from the diseased specimens of Lebisies 
reticulaluB and grown on hemp seed in sterile distilled water; the bac- 
teria-free culture was used to inoculate Fundulus heteroclitvs in an at- 
tempt to verify the abi^ty of the fungus to act as a parasite and to de- 
termine whether injury to the host had any effect on the incidence of 

^ Coker, W. C. 1923. The Saprolegniaceae with notes on other water molds. 
116-118, pi. 37. Univ. of N. C. Press, Chapel Hill. 
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infection. The 60 fish used in this experiment were divided into three 
groups as follows: Group I consisted of 25 fish which were injured 
slightly by the removal of a few scales, Group II consisted of 25 imin- 
jured &h, and Group III included 10 fish, of which 5 were injured and 5 
uninjured. Each group was placed in a separate tank. All tanks re- 
ceived water from the same source, and were maintained under identical 
conditions of temperature, light, and aeration. Groups I and II were 
exposed to zodspores of Achlya flagellaUif while Group III, which was 
not exposed to the fungus, served as a control. Of the 25 injured fish 
in Group I, 9 were attacked by the fxmgus and died. In no case did in- 
fection result in the uninjured fish (Group II) or the controls (Group 
III). This experiment apparently places Achlya flagelkUa in the cate- 
gory of wound parasites. 

During the early summer of 1936, Achlya ftagdlaia occasioned severe 
losses in the Bayfield, Wisconsin, hatchery of the state Department of 
Conservation. According to Mr. B. O. Webster, Superintendent of 
Fisheries, who provided much of the information concerning the epi- 
demic, there had been no history of outbreaks of fimgus disease at the 
Bayfield hatchery in past years, nor did the disease occur to the extent 
of economic importance in other hatcheries in Wisconsin during 1936. 

At the Bayfield hatchery, about 3,000,000 fingerlings of brook trout, 
Salvelinus fontinalis; rainbow trout, Salmo irideus; and brown trout, 
Salmo fariOf were raised in metal tanks measuring three feet by fourteen 
feet by eight inches. The water used comes from two sources; the fiirst 
is an artesian well, and the second is a creek called Birch Run. No in- 
fection occurred in the tanks supplied with water from the former source. 
For this reason, after the epidemic had become established, water from 
the artesian well was used in all of the tanks, and common salt was 
used liberally in an attempt to control the disease, but these measures 
were applied too late to be of much value. 

The first cases of infection appeared late in May. On May 29, Dr. 
E. M. Gilbert collected samples of water from the tanks, masses of fish 
food overgrown with the fungus, and infected fish. Hemp seed cul- 
tures made from these collections by the junior author showed that 
Achlya flageUaia was the cause of the disease; no other fungi were in- 
volved. Dr. J. N. Couch kindly identified the fungus from subcultures 
from the infected fish. 

It was found that great differences were displayed by the three species 
of trout in regard to resistance to infection by the fungus. Fingerlings 
of brown trout, Salmo fario, and rainbow trout, Salmo irideus^ appeared 
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to be almost immune to the disease. With brook trout, Salvelinus 
fontinaliSj however, about 60 per cent of the fingerlings, representing 
about 500,000 fish, were killed. The percentage of infection was slightly 
larger than this figure would indicate, as some of the infected fish re« 
covered. Although the disease was most severe in its attack upon the 
fingerlings, larger fish were also infected with the fungus and killed. 
The epidemic ran its course, and was well imder control by the middle 
of July. 

It appears, therefore, that Achlya ftageUata may at times become a 
serious parasite of fish under Wisconsin conditions. In Massachusetts, 
on the other hand, the senior author has encountered it only twice 
within a period of three and a half years in a series of 128 isolations of 
fungi from diseased fish found under natural conditions. The details 
of these two collections have been given above. It would appear that 
Saprolegnia parasitica, found 122 times, is the predominant parasitic 
form in that region, and that Achlya flagdlata, although interestingly 
enough capable of parasitism, is of little importance there. 

The work of the senior author was carried out in the Laboratories of 
Cryptogamic Botany of Harvard University, under the direction of Dr. 
W. H. Weston, Jr., while that of the junior writer was done in the De- 
partment of Botany, University of Wisconsin, and supported by a grant 
from the Alumni Research Foundation. To the various persons who 
have been of assistance in this investigation, the writers wish to express 
their appreciation. 

Ahbricak International College, 

Sprinofibld, Mass. 

University of Wisconsin, 

Madison, Wis. 



THE FORMATION AND OPERATION OF THE TRAPS IN THE 
NEMATODE-CATCHING FUNGUS, DACTYLELLA 
BEMBICODES DRECHSLER 

By John N, Couch 
Plate 27 

The recent papers by Dreehsler (1933, 1937) have greatly added to 
our knowledge of the nematode-catching fungi and to an understanding 
of the means by which the nematodes are trapped. No experimental 
observations, however, have been reported which describe the condi- 
tions under which the traps are formed or how they close or the stimuli 
which may cause their closure. Is the formation of the traps condi- 
tioned by the presence of nematodes? Do the traps close instantane- 
ously or slowly? Is closure brought about by a mechanical or chemical 
stimulus? The chief objects of this investgation have been to discover 
the conditions which determine the formttion of the nematode traps in 
Dadyldla berrMcodes and how they operate in catching the nematodes. 

The present fimgus was found growing over a small piece of decorti- 
cated, semi-decayed, pine wood on which there had been some Dacry- 
omyces material. It was first recognized under the binocular micro- 
scope by the tiny, upright, solitary conidiophores. Upon mounting 
some of the mycelium, numbers of nematodes, some living, others dead, 
were found attached to the fungus by small traps. 

STRUCTURE OF FUNGUS 

The fungus produces a rather scanty growth on the wet wood, but a 
heavy mycelial growth is formed on certain nutrient agars. The 
threads are rather straight, branched, frequently septate, 3.8-4.6m 
thick, with a considerable number of the H type of anastomoses. Coni- 
diophores borne abundantly in most cultures, thick at base, about 2.8- 
3.5m thick near tip and 400-1500m tall, with one apical spore. The 
spore when mature is cut off from the stalk and may either fall off or 
be carried away by air currents. Spores ovoid, bluntly pointed at both 
ends, thickest in the distal part of the middle region, four-celled 
with a small distal, two small proximal, and a large central cell, in which 
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is a large, glistening globule of material. When growing on moist wood 
or in aqueous solutions with nematodes, the fungus forms numerous 
small rings or loops; rings are also produced on certain kinds of nutrient 
agars, and when the food material is reduced. Each loop consists of 
three cells and is attached to the h3q)ha by a short, two-oelled stalk. 
In the formation of the loop the last loop-cell anastomoses with the top 
stalk-cell and also with the first loop-ceU. Loops 24-31/i outside diame- 
ter, 16~21/t inside diameter. The spores germinate readily, producing a 
germ tube of even diameter about 3.6~4m thick. Most commonly a 
germ tube arises from each end of the spore, growing out straight in a 
line parallel to the long axis of the spore. Sometimes a germ tube may 
arise from the small cell next to the end cell, the tube growing out at 
about right angles to the spore. When the spores germinate in a liquid 
medium containing nematodes, three or four rings are formed on the 
germ tube before it has attained a length of 300m. 

Some preliminary observations were made to determine how the rings 
functioned in catching the nematodes. Some fungal threads bearing 
rings were isolated on a slide in water with several nematodes and it 
was possible under the binocular in a few instances to maneuver the 
nematodes into the loops. Because of the low magnification, however, 
it was impossible imder the binocular to discover how the trap worked 
and, in every instance observed, before the mount could be transferred 
to the compound microscope the traps had completely closed and the 
nematodes were held fast. Moreover it was impossible to observe the 
traps under the compound microscope with the fungus growing over 
the surface of the wood. 

To overcome these difficulties the fungus and nematodes were cul- 
tured in nutrient agar. 

ISOLATION OF NEMATODES IN CULTUEE 

In culturing the nematodes the technique described by Chandler 
(1924) was used at first. Chandler used ^‘ordinary nutrient agar^' with 
a drop or two of dirty water to supply bacterial growth. Dirty water, 
however, almost invariably contains the spores of various fungi the 
growth of which renders such cultures worthless. Therefore maltose 
peptone agar plates inoculated with one or more species of bacteria from 
pure cultures were tried on which to culture the nematodes. The nema- 
todes grew well for several days and then died out, perhaps due to the 
accumulation of waste products in the agar. After some further ex- 
perimentation it was found that by adding some living cells of the green 
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alga, ChloreUaf^ to the bacterial inoculation the nematodes multiplied 
abundantly and remained healthy and active for weeks or until the agar 
culture dried up. 

isolation of fungus in pure culture 

The fimgus was easily obtained in pure culture since the spores are 
large and germinate readily on nutrient agar. A place on the original 
culture on wood where the conidiophores stood out distinctly and were 
free from trash was located under the binocular microscope. With a 
needle to which was attached a small block of agar, a single spore could 
be picked up by touching the spore to the surface of the agar. The 
little block of agar to which the spore was attached was transferred to 
a sterile maltose-peptone agar plate or tube. 

experiments to induce the formation of rings 

The fungus grew slowly on maltose-peptone agar No. 5, the largest 
colonies attaining a diameter of 15 mm. after ten days. However, on 
the maltose peptone agar no rings were formed. Since numerous rings 
were formed when the fungus was growing over the surface of wood, it 
was suspected that the wood might contain something which induced 
their formation. The fungus was then grown in a sterile hay decoction 
but no rings were formed. However, a drop of the brownish water 
from the original dish containing nematodes and fungus placed on the 
edge of the mycelium on maltose peptone agar caused the formation of 
numerous rings in that region after twenty-four hours. The water in 
the original culture was tested and found to be acid. Suspecting that 
the acidity of the medium might influence the formation of the rings, 
cultures of the fungus were made on maltose peptone agar to which 
were added varying amounts of H 8 PO 4 with results as indicated in the 
accompanying table. The cultures were observed occasionally during a 
period of two weeks. 


1. 0.1 cc. of O.IN HjPOi in 20 cc, agar No. 5 No rings 

2. 0.2 cc. of O.IN HaP 04 in 20 cc. agar No. 5 No rings 

3. 0.5 cc. of O.IN H*P 04 in 20 cc. agar No. 5 No rings 

4. 1 cc. of O.IN H4PO4 in 20 cc. agar No. 5 Many rings 

5. 2 cc. of O.IN H*P 04 in 20 cc. agar No. 5 Many rings 

6. 3 cc. of O.IN H1PO4 in 20 cc. agar No. 6 Many rings 


^ Cultures of Chlorella have been kept going in the laboratory for several years 
on Bristol-Roach agar (see Ann. Bot. 40: 149. 1926). 
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This experiment indicated that by acidifying the culture media to a 
certain degree the fungus could be induced to form many rings. The 
rings are formed only on the hyphae which grow on the stirface of the 
media and stand upright with their faces at right angles to the hyphae 
from which they arise. In later experiments it was found that growth 
was about twice as luxuriant and the production of rings more abimdant 
on Blakeslee’s No. 230 agar than on acidulated maltose peptone No. 5. 
On potato dextrose agar (Chamberlain^ Methods in Plant Histology) 
growth was about twice as luxuriant as on No. 230 but no rings were 
formed. 

Also it has been noticed that the production of rings is greatly in*- 
creased as the available food supply in the culture media is reduced. 
The production of rings occurs on agar No. 230 but when the mycelium 
reaches the edge of the dish or when a groove is cut in the surface of the 
agar at the edge of the growing region, the number of rings is greatly 
increased. Furthermore when several inoculations are made on the 
same ciilture dish and the mycelium grows together the same increase 
in ring production occurs. It thus appears that the traps may be 
formed as a response to a reduced food supply. 

OBSERVATIONS TO DETERMINE HOW THE TRAPS WORK 

With Ihe fungus in pure culture producing abundant rings and with 
plenty of nematodes also at hand, it was possible to carry out some ex- 
periments to see how the rings work. 

The following observation was made to determine if the rings or traps 
close instantaneously or if they close by a slow swelling (i.e. taking a 
few seconds to close) of the three cells. This observation had been 
impossible before with the fungus growing on wood where observations 
with a compound microscope were worthless. Agar teeming with nema- 
todes was scraped off and placed on the center of a fungus culture on 
which there were numerous rings. The following morning, about 
twelve hours later, the colony was observed. Many nematodes had 
wriggled from the central mass of agar and were crawling about over 
the surface^of the agar over and among the fungal hyphae. Many 
nematodes had already been caught in the traps. Some were still 
actively wriggling in a futile effort to free themselves, others had already 
been killed and their bpdies invaded by the fungus. Attention was 
concentrated on one active, free nematode gliding sinuously about 
among several rings. For a while it would move rapidly forward or 
again it would stop and thrust its head forward first in one direction, 
then in another. After a time the nematode thrust its head into one of 
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the ringSi upon which the three component ceUs of the ring immediately 
swelled gripping the worm so firmly that it could neither move forwards 
nor backwards. It did squirm violently, however, in a futile effort to 
free itself. Once the nematode is caught in the trap its death is cer- 
tain, for in no instance has one been observed which was able to free 
itself. Using the above technique a number of nematodes have been 
observed to enter the rings and in all cases when the worms are caught 
the action of the trap is instantaneous. 

In some instances all the nematodes may be caught in the traps. 
Usually, however, some of the nematodes miss the traps and crawl out 
on the clean agar carrying bacteria with them. These will lay eggs in 
the agar so that new nemas will be coming on. Meanwhile the bacteria 
and ChloreUa multiply, the former to furnish food for the nemas. The 
fungus continues to grow and form new rings which in turn trap some of 
the new nemas. Such cultures consisting of the fimgus forming rings, 
the nemas, bacteria, and ChloreUa may keep going for several days. As 
a rule in such cultures the bacteria get the upper hand, the fungus over- 
run by bacteria stops growing and the rings lose their ability to func- 
tion. In such old cultures, upon several occasions, I have observed a 
nematode crawl through a ring and even stop and loiter in it for several 
minutes with impunity. The rings appeared perfectly normal but for 
some reason had lost their ability to close. 

If the nematodes are slow to enter the rings, it is possible to hasten 
the process by pushing them with needles, using a high powered binocular 
dissecting microscope. The nema shown in figure 16 was pushed into 
position and entered the loop (a), the cells of which swelled immediately 
holding the nema fast. The thread (t) to which this loop was attached 
was then cut leaving a long end in front. Then by holding the 
thread (t) on a needle the nema was pulled over the agar and its head 
slipped into another loop (b). In spite of the fact that the nema was 
still alive and vigorous this ring failed to swell even after an hour. 
Meanwhile the nema’s tail end was threaded into a third loop (c) which, 
however, also failed to close. It is very likely that the loops (b) and 
(c) were injured in manipulation, for numbers of cases have been seen 
where a nematode was caught by two loops arising from the same or 
from different hyphae. 

experiments to determine what causes the loops to swell 

Having observed that the nematodes were caught by the instantane- 
ous swelling of the three loop cells thus closing the loop, it seemed of 
great interest to discover what caused the cells to swell. 
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The vigorous action of the nematodes suggested the idea that the 
closure of the trap might be due to the mechanical irritation brought 
about by the vigorous movements of the nematode^s body. To test 
this theory a fine glass rod was inserted into a loop under a high power 
binocular dissecting microscope and the rod moved back and forth in 
the loop, simulating as much as possible the movements of a nematode. 
Later the same experiment was performed several times with a Fits 
microdissection apparatus but in no case could any more than a slight 
swelling be obtained (fig. 10). It was apparent from these experiments 
that mechanical irritation plays a very small, if any, part in the closure 
of the loops. 

The above experiments were made before I had seen otie of the traps 
close on a nematode under the compound microscope. Here one can 
see that the violent movement of the nematode takes place after it is 
caught, not while it is being caught, for that occurs instantaneously. 
It seemed likely, therefore, that the stimulus causing the closure of the 
traps might be of a chemical nature. Accordingly weak solutions of 
ammonia, potassium hydrate, phosphoric acid, acetic acid, hydrochloric 
acid, sulphuric acid, and lactic acid were applied to the loops. Treated 
with a 1% solution of lactic acid the loops were caused to swell slightly 
but in none of the experiments could complete closure be obtained. 
These experiments were inconclusive, failing to show positively that the 
closure of the traps was due to chemical stimulus. 

That the closure of the traps is due to a chemical (as opposed to 
mechanical) stimulus was discovered accidentally and in a very round- 
about way. It was noticed on many occasions that when blocks of agar 
with hyphae were cut from the pure culture the loops near the cut edges 
were always swollen. It was suspected at first that cutting the hyphae 
to which the loops were attached might permit a sudden intake of water 
and the consequent swelling of the loops. However, upon cutting some 
hyphae isolated on a sUde'in a block of agar the loops all remained un- 
swollen regardless of how badly the hyphae to which they were attached 
were mutilated. It then occurred to me that I was using a cold scalpel 
whereas a hot one was invariably used to cut the blocks from the stock 
cultures. (Jould heat cause the cells to swell and the traps to close? 
To answer this a block of agar with threads on which were many loops 
was cut from the stock culture, placed on a slide and a hot scalpel held 
about two millimeters above the surface for about two seconds. The 
loops were then examined imder the microscope and all of them except- 
ing a few were completely closed (as in fig. 9). Indeed it was possible 
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to locate several loops under the low power of the microscope and watch 
them close by having some one wave a hot needle over the loops. Such 
expeiim^ts have been repeated many times with the same results. It 
is interesting to note that only the three cells of the loop swell; the cells 
of the hyphae and the spores are not visibly affected by the heat. 

To determine how much heat was necessary to cause the swelling, 
warm, distilled water was dropped on the loops. It was found that 
water at any temperature from 33®C.~75®C. would cause the loops to 
close. Below about 30®C. there was no swelling and above about 80®C. 
the cells failed to swell being killed by the heat. 

An examination of the cells which have been caused to swell by dry 
heat or warm water shows that the three swollen cells contain a refrac- 
tive substance which is doubtless gelatinous or colloidal in nature. The 
closure of the trap is due to the sudden swelling of this substance. The 
heat doubtless ‘‘activates” the colloids causing them to swell. This 
swelling may be due to a rearrangement of the molecules of water and 
colloidal material already in the cell or it might be that additional water 
is imbibed from the stalk and thread cells. The rapidity of the reaction 
would seem to favor the first view. 

The closure of the traps by heat does not throw much light on how 
the nematodes caused their closure. It is assumed that the tempera- 
ture of the nematode’s body is that of other cold blooded animals and 
therefore it is certainly not the “heat” of the nematodes’ body that 
throws the trap. It can hardly be doubted, however, that the nema- 
tode gives off some substance which diffuses into the loop cells causing 
the swelling and the consequent closing of the trap. 

After a nematode is caught in a trap its body is rapidly invaded and 
filled by the fungal hyphae with the consequent consumption of the 
nematode as food by the fungus. New hyphae sprout out from the 
parasitized nema’s body and extend out over the substratum giving 
rise to more traps and one or more conidiophores. 

Since the fungus grows readily in artificial culture, producing abun- 
dant spores, it is possible that the spores might be mixed with soil and 
broadcast over small areas of nematode infested soil with the consequent 
control of the nematodes (see Linford, 1937). 

SUMMARY 

A fungus that catches nematodes is described. The fungus has been* 
isolated in pure culture and grown on a variety of media. It has been 
found that the nematode traps are produced when the fungus is grown 
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on acid media. Also a reduction in the food supply induces the forma- 
tion of rings, as when the fungus reaches the edge of the culture dish or 
when a groove is cut in the agar at the edge of the growing region. On 
certain culture media, e.g. potato dextrose agar, the rings are not formed 
at all. 

The nematodes have also been isolated and grown in culture on agar. 
To furnish food for the nematodes the agar plates were inoculated from 
pure cultures of bacteria. The addition of the green alga, Chlorella, to 
the cultures of nematodes keeps the cultures in a healthy condition for a 
longer time. 

The closure of the rings has been observed under the compound micro- 
scope. When a nematode thrusts its head or tail into one of the rings 
it closes practically instantaneously by the simultaneous swelling of the 
three cells of the ring. 

Partial closure of the rings may be induced by mechanical irritation 
of the ring as when a fine glass rod is inserted and moved back and forth 
in the loop. Also slight closure may be induced in a few rings by a 1% 
lactic acid solution. Numerous other dilutions of acids and alkalies 
failed to cause any swelling. Complete and instantaneous closure may 
be induced by the application of heat, either dry heat or warm water 
or steam. Using warm distilled water it was found that a drop or two 
of water of any temperature from 33®C to 75®C applied to rings caused 
instantaneous and complete closure. In such experiments only the 
cells of the rings swell, the threads being unaffected. Water above 
80°C failed to cause swelling, the high temperature killing the cells and 
perhaps inactivating the colloids. A microscopic examination of the 
swollen loop cells showed that they contained a refractive gelatinous 
looking substance, the substance doubtless which had been caused to 
swell. 

The experiments with heat demonstrate that the swelling may be 
initiated by a stimulus such as heat but at present it is impossible to see 
the relation between the closure of the traps by heat and by the “cold 
blooded^ ^ nematodes. It is assumed that the living nematodes give off 
a chemical ^bstance which induces the swelling of the colloids just as 
heat induces their swelling. 

After the nematode has been caught, the fungal hyphae invade and 
destroy the animars body, using it as food. 

The suggestion of biological control of soil nematodes by the fungus 
is given. 

Univbbsitt of Nobth Carolina, 

Chapel Hill, N. C. 
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EXPLANATION OF PLATE 27 

Fig. 1. Diagrammatic habit sketch of fungus growing over a damp piece of de- 
cayed pine wood, showing fungal threads (f.t.) on which are formed the 
rings (r) which catch the nematodes (nc), also conidiophores (c) on which 
the spores (s) are formed. X 50. 

Figs. 2-5. Germinating spores. In fig. 5 the hyphae floating on the surface of 
water have formed several nematode traps one of which has caught a 
nematode. X 110. 

Figs. 6-11. Formation and structure of fungal rings. 

Fig. 6. Lateral branch growing out, the tip curving back, as it grows to fuse even- 
tually with the upper stalk cell (fig. 8, a) and the first loop cell (fig. 8, b). 
Figs. 7 A 8. Edge and side views of mature loops. Fig. 9. A loop the 
three cells of which have expanded throwing the trap without catching a 
nematode. Fig. 10. A loop into which was inserted a glass needle, by the 
vigorous movements of which one of the cells was caused to swell. Fig. 
11, One of several loops treated with 1% lactic acid. All X 525. 

Fig. 12. Above, the anterior, below, the posterior part of a trapped nematode, the 
body of which has been invaded by fungal hyphae. X 580. 

Fig, 13. Germ tube (g.t.) from one of loop cells penetrating body wall of nematode 
to form the invading hyphae. X 930. 

Fig. 14. Large rotifer trapped and invaded by fungus, i.h. infecting hyphae. 
X 525. 

Fig. 15. Large nematode trapped by both head and tail ends. This worm’s body 
was completely filled with fungal hyphae. X 110. 

Fig. 16. Nema shown was maneuvered into loop (a), i.e. pushed into position and 
entered loop itself, the cells of which immediately swelled holding nema 
fast. See text for further explanation. X 110. 






ADDITIONS, CORRECTIONS, AND DELETIONS FOR THE 
FLORA OF THE TRYON REGION 

By DoNAU> CtTLROBS Pbattib 

In the spring of 1919 I began the study of the flora of the Tryon 
region of County, North Carolina, and some adjacent repons, 
chiefly mountainous, in South Carolina. After collecting many hun- 
dreds of specimens I began to search the leading herbaria for previous 
collections from this region and entered into correspondence with other 
collectors. Some were kind enough to make at my request special 
collections of interesting genera when they went to the Tryon country. 
The results were finally embodied in a series of papers entitled *Tlora of 
the Tryon Region of North and South Carolina: An annotated list of 
the plants growing spontaneously in Polk County, North Carolina, and 
adjacent parts of South Carolina, in Greenville and Spartanburg coun- 
ties.*^ It appeared in six parts, running in the Journal of the Elisha 
Mitchell Scientific Society (Chapel Hill, N. C.) from September, 1928, 
to June, 1931 (vols. 44--46). 

Between 1926 and 1936 I did not revisit this region, but in that time 
a few species were added to the flora by other collectors, notably Miss 
N. B. Kimber who foimd additional species of Asarunif Phlox, and 
Aaplenium and Mr. B. E. Smith who added two dodders to the known 
flora. Notable, too, was the rediscovery on the north side of Tryon 
Mt.* of the Rocky Moimtain Woodsta by Dr. Edgar T. Wherry. Wood-^ 
sia acopulina had first been found in this state in 1897 at that locality 
by E. C. Townsend, but had nev^r since been located. 

The spring flora of the Appalachians is well known, owing to its beauty 
and the niunber of visitors who come at that delightful time of year, 
but little attention is usually paid to the autumn flora, which bristles 
with the technical difficulties of asters and goldenrods and other com- 
posites. It was with great interest, therefore, that in September of 
1936 I took a house in the country outside the town of Tryon and pre- 
pared to see what could be added to the known list of 1076 vascular 
plants. Diligent collecting was all that was needed to add many autum* 

* Called White Oak Mountain in Wherry’s note (Amer. Fern Journal 24; 101* 
1984). Ed. 
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nal Compositae. But more surprising were the foUowing additimui 
which are also, I believe, new to western North Carolina: the water- 
weed, Anacharie denaa; the AMcaa grass, EidaUa vimdnea; TriUtum 
deeUnatum; a Louisiana violet, Vioia LoveUiana; and, most astonirii- 
in^y, the salt marsh shrubby compoate, Bacchana haUmifoUa. 

I wish to acknowledge gratefully the assistance, in the naming of 
many of my collections, of Mrs. Agnes Chase, who identified the grasses. 
Dr. Edward Palmer who named the woody plants. Dr. N. C. Fasset, 
who examined all aquatics, Dr. S. F. Blake who identified the Com- 
positae, and Dr. John K. Small who named several miscellaneous species 
that were puzzling. My specimens have all been sent to the herbarium 
at the University of North Carolina, except for the woody plants, which 
remain at the Arnold Arboretum. My collections extended from Sept. 
28, 1936, to May 16, 1937. Most of the new species were, naturally, 
autumnal, yet the spring fiora srielded thirteen species, including three 
species of the difficult brambles. 

It is my pleasure, also, to acknowledge that certain species new to the 
flora were drawn to my attention by resident amateurs. Mrs. George 
Holmes showed me where the checkerberry, Oaidtheria procumbena, 
grows on Godshaw Hill, apparently the only locality in the coimty. 
Miss Helen Steams, in her garden, showed me the handsome clubmoss. 
Lycopodium compkmaium, which she had brought down from Melrose 
Mt. And Mr. William Weigel, an enthusiastic wildflower gardener, 
has transplanted to his plot the monkshood, Aconitum uncinatum, and 
the old favorite, lily-of-the-valley, which grows wild on Bocky Spur, in 
Greenville Co., S. C. Native to Europe and the mountains of Asia, this 
is also an inhabitant, as an indigene, of the southern Appalachians, but 
it was new to the recorded flora of the Tryon Region. 

A spedal study was made of Aaarum, a genus which reaches its highest 
development in the southeastern states, in order to test the validity of 
the many species that have been proposed and often all too loosely 
described. With the exception of Aaarum Memmingeri which was not 
foimd this time, all the species hitherto reported from this region were 
located agai^, collected in quantity and very carefully studied. It is 
the conclusion of this writer that they are better founded than one 
would judge from the descriptions of them in books. 

It was a pleasure also, to be able to add two species and one new 
variety to the recorded trilliums oi the region. Severid trees and shrubs 
were also newly discovered, giviqg this county one of the longest and 
most interesting lists of woody plants in the state. 



19m 


Flora or Tbtok RaooioN 


813 


The present writer is now leaving for a few years in the West. He 
hopes that others will investigate the peculiarly rich flora of this tegioin 
where the piednumt meets the front wall of the Blue Bidge and so many 
diverse elements are met together. Further collection should certainly 
greatly increase the niunber of grasses and sedges. The mountains in 
the northwestem comer (rf the county have never been botanically 
investigated by anyone, so far as I know. The extreme eastern edge of 
the county has only been entered by a botanist cm a single occasion. 
The siae of the “unlmown” area cannot, of course, be taken as a measure 
of the possible “unknown” plants, smoe the well-known regions suffi- 
ciently resemble the little-known in their vegetation to make it likely 
that the present number of some 1155 species of flowering plants and 
ferns could not be increased by much more than another hundred 
cies. Most of these will imdoubtedly be found among the hi^y 
technical groups. 


Additions 

FERNS 

pinmUfidutn Nutt. (Spleenwort) 

This interesting little plant, which so much resembles the walking 
fern, has been found on cliffs and rocks in Greenville Ck>., S. C. Speci- 
mens: Hogback Mt., Feb. 12, 1930, and Clarke’s Mt., March 2, 1930 
(Mii» Kimber). 

Sdoffindla apu« (L.) Spring. 

Much resembling a moss, this little fern ally appears to be quite 
common on wet rocks near waterfalls and brooks. I found it in quan- 
tity in Vaughan’s Glen. Specimen: Dec. 1, 1936. No. TR19. 

Lycopodium complanatum L. (Trailing Christmas Green) 

This handsome little plant grows on Melrose Mt. Miss Helen Steams 
has transplanted a quantity of it to her garden. > 

BBIrORASB FAHILT 

Ancuhirio densa (Fbnch.) Vitt. (Waterweed) 

A tropical {dant native of South America which has previously been re- 
corded only from Florida. Specimen: Lake Lanier, Oct. 21, 1936> 
Fide, N. C. Fassett. No. TB122. Lake Lanier is in Greenville Co., S. C. 
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GIUBB FAlflLT 

EuJaUa viminea (Trin.) Ktxe. 

Adventive from Africa, this grass seents to have made its ehtiy 
through Norfolk, Virginia, whence it has spread southward. It is of 
such recent advent that it is not noted in Small’s new Manual. Sped- 
men: fields and roadddes, Oct. 7, 1936. No. TB34. Fide, Agnes Chase. 

Eragro^ hinuia (Miehx.) Nees. 

A roadside grass. Specimen: Sept. 28, 1936. No. TR20. Fide, 
Agnes Chase. 

EragrosHe epedabilie (Pursh) Steud. 

A beaut^ grass. Specimen: In deep mountain woods, Oct. 4, 
1936. No. TR98. Fide, Agnes Chase. 

Sorghaetrum EUiotHi (Mohr.) Nash. (Indian Grass). 

Specimen: Sunny mountain slopes, Oct. 10, 1936. No. TB61. 
Fide, Agues Chase. 


BBDOS FAMILT 


Carex gynandra Schweinitz 

Specimen: By a stream in a forest at the old Poinsett bridge, foot of 
Calahan Mt., May 13, 1937. No. TR186. This locality is in Green- 
ville Co., 8. C. 

Carex hyeteridna Muhl. 

Specimen: Beside the Saluda River at Merrittsville, May 13, 1937. 
No. TR187. This locality is in Greenville Co., S. C. 

LILT FAULT 

Cormdlaria majalie L. (Lily-of-the-valley) 

This beautiful little flower was shown me in bloom in Mr. William 
Weigel’s garden. He brought his plants from the west slopes of Melrose 
Mt. 

TriUium tlnderwoodii Small 

This plant, intermediate in many ways between T. eimile and T. 
Hugeri, has undoubtedly been here all along, but was passed over. On 
March 24, 1937, 1 took a satisfactory specimen of it, however, adding a 
new TrUMum to the already impressive local array of this genus. Speci- 
men: No. TR190. 
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TriMum grandiflorum (Mkshx.) Sslisb. 

In tbe Flora of the Tryon Region, I reported only the variety parvum 
of this spedee. Miss May E. Day of Oberlin, Ohio, caUed my atten- 
tion to the fact that the true species also flourishes here, and in 1937 I 
found iflenty of it, and none of var. parvum. This makes one wonder 
if the peculiar little variety is not merely a depauperate phase thrown 
up by the plant in years somehow unfavorable. 

Trilltum decUnatum (Gray) Gleason 

I had never previously seen specimens of this species from North Caro- 
lina, and did not report it in my monograph of the genus in North and 
South Carolina. The range as described in Small’s new Manual seems 
not to include the Carolinas. All that I found were in a single locality, 
at Bear Creek, Buck Mt. The flowers are deliciously fragrant, but not 
like those of any other TriUium. With its white ovary, rose-purple 
stigmas, and lilac anthers it is a striking flower. Specimen: April 26, 
1937. No. TR168. 

Trillium Vaseyi Harbison. 

The only specimens were seen May 16, 1937, at Pearson’s Falls. As 
this is now a wildflower preserve it was not possible to take away any 
plants. But of course there can be no doubt about the striking flower 
which looks much like Trillium aimile but with curled sepals, maroon- 
rose petals, and declined or horisontal flower. The odor of roses was 
marked. 


ORCHID FAMILY 

Spiranihee cemua (L.) Bichard. (Ladies’ Tresses) 

By shady mountain springs. Specimen: Oct. 14, 1936. No. TR140. 

BIRCH FAMILY 

Corylue comuta Marsh. (Beaked Hazelnut) 

Corylus rostrata Ait. 

On high ridges. Rocky Spur. Specimen: Nov. 2, 1936. No. TR140. 
Fide, Edw. Palmer. R^ky Spur is in Greenville Co., S. C. 

KNOTWRBD FAMILY 

Rumex oUusifoliua L. (Dock) ^ 

Common weed of European origin. Specimen: Oct. 7, 1936, by a 
spring, Whiteoak Mt. No. TR88. 
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Polygonum hydropiperoidea Miehx* (Mild Water Pettier) 

In a brook, Valludla. Spedmen: Sept. 28, 1986. No. TR18. 

roxx fAianT 

Dtanthua Armeria L. (Deptford Pink) 

I have no specimen of this little European wmf, owing to the fact 
that 1 noticed it only while waiting to board the train to leave the 
Tiyon region, May 28, 1937. It was present in some abundance in 
grass, and is of course an unmistidcable species. It will undoubtedly 
spread, as it is naturalized elsewhere in the neighboring counties and 
should bloom all summer. 

WATBB-LILT VAHinT 

Nymphaea odorata Ait. (Fragrant Water-lily) 

Common in the shallow west ba 3 rs of Lake Lanier. Specimen: Oct. 
21 (still in flower), 1936. TR116. Fide, N. C. Fassett. 

BUTTEBCUP FAHILT 

AeonUum uncinatum L. (Clambering Monkshood) 

Mr. William Wiegel, who gave me my specimen (No. TR188) from 
his garden, collected this (m dry hills near Lynn. We searched for it, 
but could not find it in May. It blooms, of course, in autumn. 

BTBAWBEBBY SHRUB FAMinT 

Calycanthlufertiilia Walt. (Strawberry Shrub) 

In the Flora of the Tryon Region I reduced this species to a ssmonym 
of C. floridue, but I am convinced on further investigation that this is a 
valid species and I was in error. It is common around Tryon. 

MUSTARD FAMILY 

Draha vema L. (Whitlow Grass) 

This very precocious little lawn weed, adventive from Europe, is now 
established in many places. Specimen: The Golf Links, March 10 , 
1937. N 0 .TRI 6 I. 


« BOSE FAMILY 

Pyrue angvetifolia Ait. (Narrow-leaved Crabapple) 

Specimen: slopes of Tryon Mt‘., April 19, 1937. No. TR168. 
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CrtOaegw eommuma Beadle. (Hawthorn) 

CoiWoa little shrub, holdiag its fruits much later than any other 
species. Spedmrai: In fnut, Oct. 14, 1937. No. TR91. Fide, Edw. 
Palmer. 

Bubue argvtue link. (Blackberry). Open banks, Lynn. Specimen: 
May 16, 1037. No.TR190. 

Rvbut nignbaeeue Bailey. (Blackberry). Open banks, Pacolet Gorge. 
Speoim^: May 6, 1937. No. TB179. 

Btibua behdifoUue SmaU. (Blackberry). Open banks, by the old 
Poinsett bridge, foot of Calahan Mt. Specimen: May 13, 1937. No. 
TR186. • 

The three species of Btibue were identified according to Small’s new 
Manual. The treatment in Gray’s Manual did not describe any of 
these specimens at alL 


PBA FAMILT 

Trifolium dtdnum Sibth. (Least Hop Clover) 

In lawns; native of Eiurone. Snecimen: April 30, 1937. No. TR176. 

4 

WOOD-SOBB^ FAIOLT 

Oxalie comieulaia L. (Sorrel) 

Oxalis repens Thunb. 

Little weed, probably of foreign origin, in garden plots. 

Specimen: Oct. 27, 1936. No. TR102. 

VINB FAMULT 

Vitie BaUeyana Munson 

Trailing high in woods, “Valhalla”. Specimen : In fruit, Oct. 2, 1936. 
No. TR35. Fide, Edw. Palmer. 

ST. JOHN’s-WOBT FAlOIiT 

Aecyrum Unifoiitm Spach. (St. Peter’s-wort) 

A low shrub, frequent in pine woods. According to Small’s Manu4 
this is a coastal plain plant. Sperimen: Oct. 21, 1936. No. TR|1. 
Fide, Edw. Palmer. 
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Vida LoveUiana Brainerd. 

Thinking the plants I found to be y. irUdba^ I took only a sin^ 
specimen* On examination, however, it was found that the plant is 
pubescent only on the unfolding leaves and swiftly becomes glabrous. 
Every detail tallies with the description in Small’s Manual and with 
the two drawings of F. LoveUiana in Brainerd’s violet monograph (Vt. 
Agr. Expt. Sta. Bull. 224: pp. 33-35). A search of every species in 
Brainerd’s monograph on violet hybrids (Vt. Agr. Expt. Sta. Bull. 289) 
fails to reveal anything that describes my plant, and it is to be remem- 
bered that Brainerd himself collected hybrids here asfflduoUsly in several 
years. 

Viola LoveUiana is supposed to be confined to Louisiana, Arkansas 
and Oklahoma. That it has not been collected in intermediate states 
does not mean that it does not occur there, but only, perhaps, that 
collectors neglect violets as too difficult. 

Specimen: Foot of Chinmeytop Mt., April 28, 1937. No. TR169. 

Viola Priceana Pollard (CJonfederate Violet) 

In the Flora of the Tryon Region, following Brainerd, I considered 
this a mere albino, and a garden plant at that, of F. papilionacea. In 
the spring of 1937 however I discovered it in meadows where it was al- 
most certainly wild. Further, Small has shown in his new Manual, 
p. 888, that the so-called Confederate Violet is a good species, while the 
albino form of F. papiUonacea ia an entirely different flower. 

HEATH FABHLY 

OavUheria procumbena L. (Wintergreen) 

Mrs. George Holmes showed me a small colony of this on the east 
slopes of Godshaw Hill. It has never been noted elsewhere in the 
county. Specimen: Leaves' only, Nov. 27, 1936. No. TR143. 

PRIMBOSE FAMILT 

Lyaimachia NjimmtUaria L. 

Introduced from Europe; flowers in summer. This curious little 
plant is now naturalized well away from cultivation. 

IfILKWEEn FABnLT 

Vincetoxicum avberomm (L.) Britijon (Angle-pod) 

Gonolobus suberosus R. Brown 
Cynanchum suberosum L. 
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Small in his M«Dual gives this <Hil 7 as a coastal idaJnpbat. Twining 
on bushes. Specimen: “Valhalls”, in fruit, Nov. 16, 1936. No. 
TR142. 


MOBNINQ OliOar FAIOLT 

Ctueuta indecora Choisy. (Dodder) 

Cuseuta decora Engehn. 

CoUected July 20, 1933, near the Boy Scout Camp on Lake Lanier, 
but within the North Carolina boundaiy, by Budd Elmon Smith, who 
reports it in Elisha Mitchell Society Journal 50: 289-90, as new to the 
state. Smith reports it growing on legumes and asters. 

Cuecuta compaeta Jussieu. (Dodder) 

Collected by Budd Elmon Smith (loc. dt.) from Polk Co. Specimen 
not seen. 


PHLOX FAMILT 

Phlox nivalie Loddiges. (Snowy Phlox) 

This plant was collected by Miss Kimber in April, 1930, in the eastern 
part of the county. Specimen not seen by me, but identified by 
Wherry. 

Phlox Carolina L. (Carolina Phlox) 

Conmd»%d by Dr. Edgar T. Wheny, our best authority, as distinct 
from Phlox ovata (which is also present), this is quite a common plant 
and remains remarkably long in flower. Specimen: Bocky Spur, Nov. 
2, 1936. No. TR136. 


POTATO FAIOLT 

Datura Stramonium L. (Stramoniiun, Jhnson-weed) 

A field weed, adventive from the American troiucs. In fruit, March 
18, 1935. 

Phyudie pubeacene L, (Ground Cherry) 

On dry sunny mountain fields. Specimen: Oct. 13 (in fruit), 1936. 
No. TR92. 

IdHT FAMILT 

Pycnanthemum muticwn Michx. (Mountain Mint) 

KoelUa mutica Britton. 

Common in fields and along waysides. Specimen : Oct. 3, 1936. No. 
TR17. 
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Vemonia noveitoraeetuia (L.) Willd. (Purple Ironweed) 

In woods and fields. Specimm: Oct. 4, 1936. No. TR16. 

EvpaUfritm incamahm Walt. 

A beautiful pink or pale purple flower. Frequent in cool glens. 
Specimen: Sept. 28, 1936. No. TB^. 

Sefteeio aureus L. (Golden groundsel) 

Common, open banks; the earliest of the senecios to bloom. Speci« 
men: Fishtop, in fields, April 28, 1937. No. TR174. 

SaUdago Curtisii T. & G. (Golden-rod) 

Common on sunny mountain slopes. The var. pubescens had already 
been collected here. Specimens: Oct. 14, 1936. Nos. TR68 and TR85. 

SoUdago petiolaris Ait. (Golden-rod) 

On Melrose Mt. in deep woods. The var. angustata had already been 
collected here. Specimen: Oct. 14, 1936. No. TR80. 

Solidago aUissima L. (Golden-rod) 

Roadades, common. Specimen: Oct. 7, 1936. No. TR56. 

Aster coneolor L. 

A beautiful and dainty little silver-leaved species found on sunny 
mountmn slopes. Specimen: Oct. 14, 1936. No. TR76. This con- 
firms my report in the Flora of iJie Tryon Region of its probable occur- 
rence. In the Flora I also listed Aster Unariifolius as having been re- 
puted, without specimens, by Mies Wri|^t many years ago. This 
species also was confirmed by a specimen of that attractive little species 
which I took Oct. 14, 1936. 

Aster Curtisi^T. A G. 

Roadsides, very common. Specunens: Oct. 7, Oct. 9, Oct. 17, 1936. 
Nos. TR40, TR61, TR85, TR88, TR91. 

Aster pHosus Willd* var. j^yphyUus (T. A G.) Blake. 

Roadsides, opmmon. Speeimeps: ^pt. 28 and Oct. 7, 1936. Nos. 
TR24 and TB«. 
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A$ler UtevU L. 

Krequent, Alcmg rosdokleB and in fields. Specimens: Oct. 7, 1936. 
NO.TR43. 


Baeeharia haUmifcHia (Groundsel Tree) 

This sea beach and salt marsh plant is certainly a surprising stray to 
find here. A large bush hangs over a roadside south of Clarke's Mt., 
in Greenville Co., S. C., in the extreme northeast square mUe of the 
comty. April 28, 1937. No. TR175. 

XcmSttum americanum Walt. (Cocklebur) 

Xanthium pungens Wallr. 

Xanthium pennsylvanicum Wallr. 

Xanthium g^bratum Britton 
Xanthium eanadense Mill. 

A common field weed. Specimen: In fruit, Nov. 3, 1936. 

Hdenium tenuifolium Nutt. (Spanish Daisy) 

A common and gay roadside weed. Specimen: Oct. 18, 1936. No. 
TR104. 

Erechtitea hieradfolia (L.) Raf. (Fireweed) 

Roadsides and clearings, common. Specimens: Oct. 7 and Oct. 20, 
1936. Nos. TR55 and TR120. 

Coamos bipinnatua Cav. 

Native of tropical America, this well known garden flower is now so 
abundantly naturalised along roadsides that it must be admitted to 
the flora. 

Hteradum acabrum Michx. (Hawkweed) 

By roadffldes and in fields. Specimens: Oct. 7, 1936. No. TR47. 

Prenanthea aerpentaria Pursh (Snakeroot) 

In mountain woods. Specimen: Oct. 14, 1936. No. TR67. 

Tragopogon praienaia L. (Goatsbeard) 

Now a common wayside weed. 

Dbletiomb 

The following spedies, reported in the Flora of the Tryon Region are 
^lere in error and must be excluded frcnn the local flora: 
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Sdagindla torUpila 

Tto only voucher for this species in the local flora was one edlested 
'by Dr. Wherry, who has changed his identification of it to iS. rupatrk. 

Tiardia maerophylla 

Aocmding to Dr. 'Wherry tiiis species is a chimwa, the fiowers on the 
type qiecimen, collected frcan the Tryon repon, being tiiose <rf typioid 
TiareUa cordifolia while the leaves are those of Heuchera villoaa. 

Viola Stoneana 

The specimens on which this report was based were muddentified by 
me and turn out to be several other sorts of violets. 

Phlox divarieata 
Reported in error. 

Aster jtmceue 

Specimens wrongly identified. 

Aniennaria occidentalis 
Specimens wrongly identified. 

CoRBBCnONB 

Introduction, p. 108, line 3; for “are”, read: is 
Introduction, p. 108, line 28; for “profit by” read: reward. 

Species 4, line 1; for “Braken”, read: Bradmn. 

Species 7, line 2; for “rare”, read: frequent. 

Species 62, line 2; after “and” add: waste. 

Species 75, line 1; for “Notkoholcus/’ read: Notholcue. 

Species 89, line 1; for **berteroami8," read: Berteroantu. 

Species 106, line 3; for “species”, read: species. 

Species 131, line 1, for “halepenee’*, read: halepenaia. 

Species 203, delete lines 6 and 7. 

Species 233, line 6; after 1927, add: (Wherry). 

Species 255, fine 2; for “aculis”, read: acaulis. 

Species 259, line 3; for “Caiite^’, read: Cleieslee. 

Species 280, line 3; after Valhalla, add: (in fruit). 

Species 285, line 1; for “E: Koch”, read: C. KocK 
Species 307 ; this should be deleted, and the following substituted: 
CdUs ocddenUMs L. (Hackbeiiy) 
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ljug& tree, occainonal in the mountain vaU^. Our apecimens differ 
in having gamet-red drupes and falcate leaves. 

Spedes 3lfi, line 10; for “kidnev,” read: kidney. 

Species 321, line 3; for “Britton”, read: J. Britten. 

Species 392, line 1 ; after acuminata, add: L. 

Spedes 478, line 4; for “species”, read: specimen. 

Species S24, line 2; for “Podalyriax" read: Podalyria. 

Species 637, line 1, after BuMeyi, insert: M. A. Curtis. 

Species 678, Ime 5; for “May 5, 1911 (Tiyon” read: Tryon, May 5, 
1911 (Day). 

Species 698, line 3; after acutae^olium, add: of Auths., not Michx. 
Spedes 719, line 3; for “smal er”, read: smaller. 

Spedes 765, line 7; after 1897, add: (Towns.) 

Spedes 753, line 4; after 1897, add: (Towns.) 

Species 825, line 1, for “dinopodia", read: CKnopodia. 

Spedes 831, line 4; for "Odganum” read: Origanum. 

Species 852, line 1; for “Pentdemon” read: Penstemon. 

Species 862, line 4; for “Scherb.” read: Schub. 

Spedes 866, line 1; for '‘austromaTitana” , read: axutromontana, 

Spedes 872, line 7; for “Valley”, read: gorge. 

Species 940, line" 1; for “L.” read: (L.) DC. 

Spedes 969, line 3; for “in some places”, read: as in some places. 

Spedes 1008, line 2; for “vnfirma" read: infirmus. 

Species 1010, line 2; for “linifoliua", read: limfoUa. 

Spedes 1058, line 1; for *‘Chicorium”, read: Cichorium. 

Spedes 1059, line 2; for “Taraxicum”, read: Taraxacum. 

Species 1073; in the note appended, for “Tyron”, read: Tryon. 

Errata, species 614, for “line four,” read: line 3. 

Errata; delete completely the reference to species 720. 

Errata, seventh line from the bottom of p. 156; for 848, read: 849. 
list of New Names and Combinations (following Species 1073) spedes 
380, for “Forma Hugeri Weatherby, read : Forma laevieaulia Harger. 
Rhod. 31: 164. 1929. 



THE MOSSES OF FRANKLIN COUNTY, NORTH CAROLINA 
By Lewis E. Andxbsok and Eveltn S. Bbaven 

An intensive study of the mosses of any small aiea is valuable. It 
not only adds to our knowlec^ of plant distribution but is helirful in 
establishing local habitat relationships and provides data that are 
oftoa useful in making broader eoolc^cal generalizations. Franklin 
Coimty was selected for the present study because it is mtuated <m the 
borderline between the piedmont and coastal plain regions and thus 
offers excellent opportunities for studying the floristic tranritkm be- 
tween the two regions. This was the ultimate aim of the study. 

Franklin County is located in the north-c^tral part of North Caro- 
lina on the eastern edge of the Hedmont Plateau. The extreme eastern 
part lies within the coastal plain, while the western two-thirds is in 
the piedmont. In many places along the border of the two regions the 
sandy surface soil has been removed by erosion, thus exposing extensive 
areas of rock. These rock outcrops are characteristic of the transition 
re^on not only in Franklin County but in adjacent counties to the 
north and south as welL There are two main groups of soils in the 
county, the gray sandy surface soils, derived from upper coastal plain 
material and the red clay loam soils of the piedmont which are derived 
from crystalline rock. There is no sharp line of demarcation between 
these two types of soils. Isolated areas of gray sandy soil may appear 
in a section dominated by red clay while conversely small clay areas 
may be scattered within a more extensive sandy region. 

Leo Lesquereux pointed out many years ago that mosses have thrir 
geological and lithological preferences far better marked than any other 
kind of plant. While there are many mosses which grow indifferently 
on a variety of substrata, there are Some which are quite restricted as 
to habitat. It is thus posrible to group the latter accordingly. In the 
present study nearly 600 collections of mosses were made within the 
county. Asbomplete notes as possible were made regarding the habitat 
of each collection so that the full range of substrata for each species 
could be determined. The classification bebw follows that of Warm- 
ing, which is based upon li'ater requirements, i.e. into xerophytes, meso- 
phytes, and hydrophytes. Further subdivision is necessary, however, 
in the case of mosses, to include liie tspe of substratum. 
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XSBoraiTTBs*, Plants which grow on substrata containing mostly 
'my small amounts of water. 

1. Plants growing on more or less exposed rocks. 

Orimmia laeviffata Hedwigia dliata 

Grimmia pilifera Ptychomitritm incurvum 


2. Plante growing on the bark of fiving trees. 

CloiintUodon partmlug Cryphaea gUmenUa 

Drumnumdia prorepens Leptodon trichomitrion 

OrOuftriehum ohioenee Orthotrichum steUcUuM 

Thelia hirtella 


3. Plants growing on soil, mostly old fields, roadsides, or open woods. 

Pogonaium hrachyphyUum Thelia Lescurii 

Bruchia Svllivanli Ditrichum pallidum 

Dieranum eondensatum Polytrichum juniperinum 

Ditrichum pusiUum 


Mbbophttbs: Plants adapted to soil containing a moderate amount 
of water — essentially plants of shaded habitats. 

1. Plants growing on moist shaded soil at the edge or banks of streams. 


Bryhnia Novae^ngliae Atrichum undulatum 

Eurhynehium hians Mnium affine 

Hydrophytes: Plants which are completely or partly submerged or 
which grow in very wet places. 

1, Plants submerged or floating in water. 

Aulaeomnium heterostichum Cirriphyllum Boscii 

Dieranum fuscescens Cumpylium hispidvlum 

Tortdla caespitosa Eurhynehium serrulatum 

Plagiothecium micans Hypnum imponens 

Leucobryum albidum Hypnum curoifolium 

Polytrichum ohioenee 

2. Plants attached to rocks in water or wet by dripping or spraying 
water. 


FonHnoKs flaeeida 
Leptadictyum riparium var. Jluitane 


Fissidens JuUanus 
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8< Plants growing in shaded woods, on soil at the base of toees, on 
humus or decaying wood. 

Fwidem incurvue 
Bryum himum 

4. Plants growing in open bc^. 

Aidaoomnium palu$tre Sphagnum tmbrtoaium 

PhilonotiB fontana Sphagnum 9ub$ecundum 

Hypnum areuatum Sphagnum imbrieatum var. affine 

5. Plants growing in more or less wooded swamps. 

Clitnacium Ktndbergii Climacium americanum 

Sphagnum (most speoies) Thuidium microphyllum 

Braehythecium plumasum Oampylium ehryaophyllum 

Studies along the border of the coastal plain and piedmont failed to 
show any sharp distinction between the plants of the two regions. The 
only piedmont plants which cease abruptly at the line are those few 
species which grow exclusively on rocks, i.e. Orimmia spp., Hedwigia 
eiliaiaj and Ptychomitrium incurvum. That they do not occur in the 
coastal plain of Franklin Coimty is due merely to the absence of rocks. 
In other coimties of the coastal plain in which there are rocks these 
species are foimd in abundance. In the case of soil- and tree-growing 
species there is a general overlapping in the two regions. For instance, 
Dicranum condensatum, a typical plant of the sand hills of the coastal 
plain, was found growing thrdughout the county wherever there was 
any semblance of sandy soil of a xerophytic nature, irrespective of the 
two regions. Toward the western part of the county, however, it be- 
comes less frequent and even rare due to the absence of suitable habi- 
tats. Other plants of the coastal plain exhibit this same type of dis- 
tribution with a greater or lesser degree of overlapping. The species 
placed in this category are: 

Sphagnum irhbricatum Atrichum criapum 

Pogonatum hrachyphyllum Dicranum condenaaium 

Funaria aerra^p Fantindlia flaccida 

It should be noted that all of the above are plants which grow on soil, 
with the exception of Fontinalia. The epiph 3 rtes, as might be expected, 
are equally abundant in {She two regions and none of the lower coastal 
plain species were found in Franklin County with the exception of EidUh 
don Drummondii which was depauperate. Such plants as Syrrhopodon 


HygroamblyaUgium orihodadon 
Hygroamblyategium irrigUum 
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texanua, SMoOieitnia SulUuantn, Hypnum arcuafum var. anmicaMm, 
Plagiothecium micana var. fulvum, and Diehdyma capiUaeeum which are 
exoeeditti^ abundant locaJly in the lai^ swamps near the coast do not 
extend into Franklin County. 

Of especial interest are the exposed rock outcrops referred to above 
which were studied in detail. Since the vegetation is essentially the 
same on aU of these outcrops a description of one, known locally as 
"Flat Bock," will suffice. This outcrop is an extensive somewhat evenly 
eroded granitic exposure which slopes gradually from either side to the 
center through wUch a small stream flows. On each side of the stream 
the rock is dry and exposed to the sun during a large part of the day, 
thus offering an exceedingly xerophytic habitat. Areas of this nature 
support almost exclusively mats of Hedwigia eUicOa, Orimmia laevigata, 
and <7. pUifera, which, after a period of time retain a certain amount of 
soil, ^^ere soil accumulation is sufficient the flowering plant, TaUnum 
teretiJoUum Pursh, grows along with Selaginella rupeatria (L.) Spreng. 
and several species of lichens. Soil is apparently built up in these 
otherwise bare areas in such a manner. Other species of flowering 
plants which eventually inhabit these mats are Lomcera japondca 
Thimb., Bignonia capreolata L., Panicum spp., SoUdago sp., Bhua eo- 
paUina L., and Opuntia wigaria Mill. In the more moist situations 
along the stream Anomodon (Menuatua, Hypnum areuaium, and Clima- 
cium americanum flourish, often with mixtures of PhUonoHa fontana 
and Atrichum undtdatum. 

The check list of species collected in the county follows the arrange* 
ment of Grout in his Moss Flora of North America. 

Order SPHAGNALES 
Family 8PHAGNACEAE 

Spha gnum imbricatum Homsch. On soil in boggy situations. Not 
common. 

Sphagnum imbricatum var. affine (Ren. & Card.) Wamst. Bogs. 
Rare. 

Sphagnum subsecundum Nees. Bogs. Common. 

Order BRYALES 
Family POLYTRICHACEAE 

Atrichum angustatum (Brid.) Bryol. Eur. On soil in vrurious situationB, 
roadsides, old fields, opai woods, etc. Common. 

A trifthniq (srispum (James) SuU. Moist sandy sml, bank of streams. 
Rare. 
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Atrichum uiuiulatiun (Sedw.) Beauv. Meost soil, edige of stveMosi, 
woods, fields, etc. Coanmon. 

Pogonatum btachypfiyUum (Rich.) Beauv. Clayey banks. Not 
o<nninon. 

Pogcmatum pensilvaiucum (Hedw.) Paris. Somewhat moist clay banks. 
Not oommon. 

Folytrichxun commune Hedw. Mmst soil, swamps. Common. 

P<fiytrichum juniperinum Hedw. In dry situations, often on rocks 
with a thin covering of soil. Unconuncot. 

Polytrichum ohioense Ben. A Card. Dry soil, woods, banks, roadsidea, 
etc. Common. 

Family FISSIDENTACEAE 

Plssidens Bushii (Card. & Th4r.) Card. & Thdr. Claysy soils, banks, 
slopes, etc., in woods. Rare. 

Pissidens JuUanus (Mont.) Schimp. On rocks in running water. Not 
uncommon. 

P^dens taxifolius Hedw. Clayey soils, woods. Not oommon. 

Fissidens viridulus (Web. & Mohr) Wahlenb. On rocks in streams. 
Common. 

Fissidens viridulus var. tamarindifolius (Brid.) Grout. On stones in 
streams. Rare. 

Family ARCHIDIACEAE 

Archi^um ohioense Schimp. Soil in old fields. Rare. 

Family DITRICHACEAE 

Pleuridium subulatum (Hedw.) lindb. Soil in old fields. Common. 

Bruchia Sullivanti Aust. Old fields. Common. 

Ceratodon purpureus (Hedw.) Brid. Dry soil on rocks, roadsides, and 
fields. Common. 

Ditiichum pallidum (Hedw.) Hampe. On soil in various edtuati(ms. 
Exceedingly common. - 

Ditrichum pusillum (Hedw.) E. Q. Britton. Old fields and roadsides. 
Common. 

Family DI^RANACEAE 

Dicranella heteromalls (Hedw.) Schimp. Soil, old fields, bank of 
streams, pnd roadsides. Common. 

Dicranum condensatum pedw. Dry sandy soil in open woods. Coin* 
mon. 

Dicranum spurium Hedw. Shaded dry sandy smL Common. 
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Dierutum scoparium Hedw. On soil, usiuUly humus, in woods. 'But- 
ceedinglsr common. 

Dicranum fuscesoens Turn. Decapod wood, woods. Common. 

Diorsnum flag^llars Hedw. Decayed wood, shaded places. Not 
eornnum. 

IKoranum rugosum (Hoffm.) Brid. Humus in woods. Rare. 

Fanuly LEUCOBRYACEAE 

Xjeucobryum albidiun (Brid.) lindb. Soil, decayed wood, and bases of 
trees. Common. 

Leucobryum glaucum (Hedw.) Schimp. Soil in shaded places. Com- 
mon. 

Faxnily POTTUCEAE 

Weisia viridula Hedw. Dry soil. Exceedingly common. 

Tortella caespitosa (Schwaegr.) limpr. Soil and decaying wood, base 
of trees. Common. 

Barbula unguiculata Hedw. On brick wails. Bare. 

Acaulon triquetrum (Spruce) Muell. Soil in old field. Rare. 

Tortula muralis Hedw. Brick waUs. Rare. 

Family GRIMMIACEAE 

Grinunia laevigata (Brid.) Brid. Exposed rocks. Common. 

Grimmia pilifera Beauv. Exposed rocks. Rather uncommon. 

Hedwigia ciliata Hedw. Bare rocks. Common. 

Ptychomitrium incurvum (Muhlenb.) Sull. .Rock crevices. Common. 

Family FUNARIACEAE 

Physcomitrium turbinatum (Michx.) Brid. Moist soil, fields and pas- 
tures. Common. 

Funaria flavicans Michx. Waste places and bare soil, eq;)ecially 
bmmed-over areas, often mixed with the next. Not common. 

Funaria hygrometrica Hedw. Same substrata as the last. Common. 

Funaria serrata Brid. Moist sandy soils, banks and fields. Not 
eommon. 

Family ORTHOTRICHACEAE 

Orthotrichum ohioense Sull. & Lesq. Bark of trees. Common. 

Orthotrichum stellatum Brid. Bark of trees. Not as common as the 
last. 

Ibrummondia prorepens (Hedw.) Jennings. Bark of trees. Common. 
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Itoily BARTRAMUCEAE 

Bartramia pomiformis Sedw. Soil in sbAded {daces, ooeaskiiially on 
rocks. Comnunu 

I^oDotis fontana Brid. Soil and rocks in boggy places. CommoD. 
Phil<motis MuUenbergii (Schwa^.) Brid. Bogs and moist rodcs. 
Rare. 

Family AULACOMNIACEAE 

Aulaoomnium heterosticbum (Hedw.) Bryol. Eur. On soil in woods, 
often at bases of trees. Common. 

Aulaconmium palustre Schwaegr. Bogs and on rocks. Common. 
Family BRYACEAE 

Fohlia nutans (Hedw.) Lindb. On various substrata. Common. 
Pohlia Wahlenbergii (Web. k Mohr) Andrews. Moist shaded soil. 
Not common. 

Leptobryum pyriforme (Wils.) Schimp. Moist rocks. Bare. 

Btyum argenteum Hedw. Soil, roadsides and waste places. Common. 
Btyum bimum Brid. Wet rocks. Common. 

Bryum caespiticium Hedw. Soil, various places. Not common. 
Bryum capillare Hedw. Moist situations, often bases of trees. Not 
common. 

Rhodobryum roseum Schimp. Base of trees and stumps. Not 
common. 

Family MNIACEAE 

Mnium afBne Schwaegr. Shaded soil in moist places. Common. 
Mnium afSne var. ciliare (Grev.) C. Muell. Moist soil, especially 
along streams. Common. 

Mnhun cuspidatum Hedw. Moist soil in woods. Common. 

Mnium medium Bryol. Eur. Humus. Rare. 

Mnium rostratum Schwaegr. Soil, shaded situations. Rare. 

Family HYPNACEAE 
SuMamily Climacieae 

Climacium americanmn Brid. Moist shaded situations. Rather 
common.# 

Climacium Kindber^ (Ren. & Card.) Grout. Growing in or at the 
edge of water. Common. 

Subfamily Beachythdbieae 

Bryhnia Novae-Ai^liae (SuU. & Lesq.) Grout. Sandy soil, edge of 
streams. Rare. 
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Eurhjmfihiiim hiaos (Hedw.) J. A B. Moist shoded soil. ComxBon. 
Eurhjmehium ptdcbelluiu (Hedw.) Jemnings. Moist sandy soil. 
Ccnmnon. 

Etudiynehium serrulatum (Hedw.) l^db. Soil and humus in vaiious 
situalaons. Ehcoeedinj^y common. 

CSrriphyllum Bosdi (Schwaegr.) Grout. Shaded soil. Common. 
Chandterlainia acuminata (Hedw.) Grout. Base of trees. Bare. 
Braohythedum oxycladon (Brid.) J. & 8. Soil, open woods and occa> 
sionally fields. Common. 

Brachythecium plumosum Bryol. Eur. Soil, edge of streams. Not 
common. 

Brachythecium salebrosum (Hoffm.) BryoL Eur. Soil, banks, dopes, 
etc., in woods. Not common. 

Subfamily Amblystegieae 

Leptodictyum riparium (Hedw.) Wamst. Partially inundated rocks. 
Not uncommon. 

Leptodictyum riparium var. fluitans Lesq. & James. In running water. 
Bare. 

Leptodictyum riparium var. longifolium Sohiilts. Stagnant water. 
Bare. 

Amblystegium varium (Hedw.) Lindb. Various substrata. Common. 
Hygroamblystegium irriguum (Wils.) Loeske. In wet soil and in 
water. Common. 

Hygroamblystegium orthocladon (Beauv.) Grout. In streams. 
Common. 

Campylium chrysophyllum (Brid.) Bryhn. On soil and rocks with a 
thin layer of soil. Common. 

Campylium chrysophyllum var. brevifolium (Ben. & Card.) Grout. 

On soil, edge of streams. Common. 

Campylium hispidulum (Brid.) Mitt. Decaying wood, stumps, etc. 
Not uncommon. 

Drepanocladus aduncus (Hedw.) Wamst. var. KneifiSi (Bryol. Eur.) 
Wamst. In bogs and swampy situations. Not common. 

Subfamily Hypneae 

Hyimum arcuatum Lindb. In boggy situations. Common. 

Hypnum curvifolium Hedw. Decaying wood and soil in shaded places. 
Not common. 

Hypnum imponens Hedw. Soil and decaying wood. Uncommon. . 
Hy pniim molluscum Hedw. Soil, bases of trees. Bare. 
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Hetcrofiltylliiia Haldaniaftum (Grev.) Kindb. Mount decaying wood. 
Bare. 

SematophySum adnatmn (Michx.) E. G. Britton. On bark oi Uving 
trees. Common. 

Bematopbyllum caroUnianum (0. MuelL) E. G. Britton. Moist rooks. 
Bare. 

HomomaJlium adnatum (Hedw.) Broth. Bark of trees, decaying wood, 
and rocks. Not common. 

Pylsuda intrieata (Hedw.) Bryol. Eur. Bark of Uving trees. Not 
common. 

pylaiaa Selwynii Kindb. On trees. Uncommon. 

]^tygyrium repens (Brid.) BryoL Eur. Decayed wood. Conmum. 

Subfamily Plagiotbecieae 

Plagiotheoium denticulstum (Hedw.) Bryol. Eur. On soil and humus 
in diaded places. Not common. 

Plagiothecimn micans (Sw.) Paris. Decaying wood. Common. 

Subfamily Entodonteae 

Entodon cladorrhizans (Hedw.) C. MueU. Moist rocks. Rare. 
Entodon Drummondii (Bryol. Eur.) J. & S. Bark of tree. Bare. 
Entodcm seductrix (Hedw.) C. Muell. Soil and rocks. Commcm. 

Family LESKEACEAE 

Thuidium deUcatulum (Hedw.) Mitt. Various substrata. Conunon. 
Thuidium microphyUum (Hedw.) Best. Soil and decaying wood in 
woods and swampy situations. Common. 

Thuidiiun virginianum (Brid.) lindb. Soil in rather dry situations. 
Not common. 

Leskea gracilescens Hedw. Bark of trees and decaying logs with soil. 
Not common. 

Leskea obscura Hedw. Bark of trees. Common. 

Thelia asprella SulL Base of trees. Common. 

Thelia hi^lla (Hedw.) Sull. Tree trunks. Rare. 

Thelia Lescurii Sull. Sandy soU and rocks with a thin layer of soil. 
Not unt^mmon. 

Anomodon attenuatus (Hedw.) Hueben. Soil in bottom land and at 
bases of trees and rocks. Common. 

Anomodon rostratus ^edw.) Schimp. Bases of trees and rocks. 
Common. 
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FamUy LEUCODONTACEAE 

Leucodon julaoeus 09edw.) Sidl. Bark of troes. CloDuiion. 

Leptodon trichomitricm (Hedw.) Mohr. Bark of trees. Not oommoa. 

Faadly CEYPHAEACEAE 

Qryphaea glocoerata Schimp. Bark of trees. Common. 

C^baea nervosa (Hook. A Wils.) BryoL Eur. Bark of trees, often 
ndxed with the last. Rare. 

FamUy FABRONIACEAE 

Clasmatodon parvulus (Hampe) SulL Bark of trees and decasnng 
wood. Common. 

Schwetschkeopsis denticulata (SuU.) Broth. Bark, bases of trees. 
Rare. 


Family FONTINALACEAE 

Fontinalis flaocida Ren. & Card. In water. Not common. 

The writers are indebted to Professors H. L. Blomquist and H J. 
Costing for helpful suggestions and criticisms during the course of the 
work. 
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THE MORPHOLOGY OF THE PERITHECIUM OF SORDARIA 
FIMICOLA (BOB.) CES. AND DE NOT. 

By Don Ritohiii 
Plates 28 and 29 

The first important work on the Sordariaceae was done by Daneeard 
(8) in 1907. He decided for Sordaria fimicola that there was no uitbe- 
ridium and no fertilisation, that the cells of the ascogonium were multi- 
nucleate, and that the asci were produced from the ascogonium by 
crosier formation. He made no further observations on the nucieu 
behaviour of the fungus. Sordaria macrosporavraia described asesam- 
tially omilar except that it has a straight, intercalary archioarp instead 
of a coiled, terminal one. Only in Sporormia intermedia he did describe 
binucleate cells in the ascogonium and even went so far as to say “One 
would be tempted ... to think of a fusion.” 

Satina (17) has also contributed important developmental studies 
on the Sordariaceae. In the several members of this family considered, 
she describes the same multinucleate, coiled aso(^onium, without an 
antheridhim, and the ascogenous hyphae coming from the ascogonium. 
Paired nuclei were seen, but not in the cells which formed asci. Large 
nuclei and small nuclei were observed, but fusion was denied, the large 
nuclei bdng explained as “fully grown, ready for dividing.” 

MATEHIAI/S AND METHODS 

The material was collected on horse and cow dung and was got into 
pure culture by cracking the perithecia and placing the living masses of 
asci on agar plates. When the h3rphae outgrew the bacteria, the clean 
ends were cut off and transferred to other plates. For this purpose 
various agars were used. Blakeslee’s #230 proved to be the most 
satisfacttvy for the production of perithecia, as it becomes black with 
fruit about a week after inoculation. Prune decoction agar gives a 
heavy vegetative growth but fruiting is poor. On maltose-peptone, 
potato-dextrose, and cpm-meal-yeast agar, Sordaria fimicola grows well, 
but not as luxuriously as on 0230. Dung agars made from decoctions 
of cow, horse, or sheep dung, did not give any better mg^rth than ^t 

334 



t$S7] SoBDABU FnucotA (RoB.) Cbs. Ain> De Not. 335 

wfaidi was obtaiaed on plain, ncm-nutrient asar. Cuteures were also 
made by letting ^e perithecia shoot spores onto agar plates. Geitninai* 
tion was attempted on all the agars on which the fungus was grown, but 
the spores did not germinate on any except plain, non-nutrient agar. 
Some oi the spwes were placed for several hours in the sunlight, but 
withmit an increase either in the rapidity or percentage of germination. 
Various temperatures were used, as suggested by Dodge (9), but with* 
out success. However, on plain, non-nutrient agar, the spores will 
germinate readily either in t^ light or darkness at room temp^tures 
(15-26 degrees C.). 

Perithedal development was studied in living material untU the peri* 
theda became too opaque to observe. There is a period, as noted by 
GiUdnet (13), during which living material is worthless for study, as 
the thickening wall of the perithecium cannot be opened without de- 
stroying the contents. During this period (and this is just when the 
most interesting developments are taking place) sections must be used. 
For this purpose, the fungus was killed in various fixers. Camoy's 
fluid caused plasmoljrsis. Chromic formalin and hot corrosive sub- 
limate in 05% alcohol gave indifferent results. The Chicago formula 
(6) used instead of Flemming’s weaker solution because of the lesser 
percentage of osmic acid, proved most satisfactory. Because of the air 
entrapped in the interstices of the aerial h 3 rphae, the material to be 
fixed had to be kept under the aspirator for six to twelve hours. Zirkle’s 
(18) N-butyl series of alcohols was used for dehydration and infiltration. 
Actions were cut at 5n, and stained with Gram’s gentian violet and 
iodine and with Heidenhain’s iron alum haematoxylin, counterstained 
in Orange G, light green or fast green. The haematoxylin alone gave 
the clearest nuclear figures, while this stain followed by Orange G was 
most useful in bringing out the arrangement of the ce^ in the base of 
the perithecium. 


THE inrCELITJU 

The qiores of Sordariafimicola germinate by means of an apical germ 
pore, as tiiown by Gilkinet (13). A veticle is given out, round and full 
of cytoplasm, from which proceed one to several hyphae (Fig. 1). 
T1u«e hyphae become septate, with perforations in the septa. The 
mature mycelium is composed of hyphae various diameters, ranging 
fttan 3a to 12 m iu diameter. On me^ ritii in nooiitiiment, many aerial 
hyidiae are produced, but On less nutrient, tire mycelium keeps to tBe 
surface or burrows into the subrtratum. 
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Peiitheds with eightHspored luaoi «re fonned in on^ewspore eultwet, 
and thus the fungus is homothallic. 

THB ancmcABpa 

At the time of the formation of the perithedal fundaments, as shown 
by previous workers on the Sordarias (Gilkinet, 13; Dangeard, 8; Sa- 
tina, 17) certain of the ends of otherwise undifferentiated hyphae be- 
come coiled (Bigs. 2 and 3). Septations appear (Big. 4), but not with 
any apparent regularity such as Andrus (2) found for CeratoriomeUa. 
This coil, or archicarp, twists about itself for several turns. One or 
more hyphae may ccmtribute to the formation of the archicarp (Bigs. 
2 and 3), which soon becomes invested with smaller, numerous vegeta- 
tive hyphae (Big. 5). Neither Dangeard (8) nor Satina (17) conmdered 
any of these as antheridia, and there is indeed no indication that any 
of them function in a sexual way. Usually there is no structure that 
can be interpreted as a trichogyne, though there appear occasioxudly 
\maccountable out-growths from the archicarp (Big. 4). Neither are 
there any conidia such as Satina (17) shows for Podoapora curwda, nor 
any spermatia such as Ames (1) describes for Pleurage anaerina. 

PBBITHBCIAL DEVELOPa»ea4:T 

After the investment of the archicarp by the vegetative h 3 rphae, the 
entire mass grows quickly, soon becoming too opaque to study. At this 
time the covering hyphae are so strong, and the contents so delicate, 
that crushing the perithecia destroys the inner cells. In sectioned 
material, however, it can be seen that the archicarp has grown into a 
homogeneous tangle of filaments which are already becoming pseudo- 
parenchsrmatous in nature (Big. 6). Even in the early stages, the outer 
layer of cells is heavier-walled than the internal portion. When the 
perithecial covering is still only one layer thick, there becomes differen- 
tiated in the center of the previously homogeneous tissUe, a more deeply 
staining hypha (Big. 7) which seems to be what BHiisting (12) described 
for SHetoaphaeria, Diairype, etc., as the Woronin hypha. Blsch (11), 
who (x&si^red Bliisting’s paper “downright foggy,” said, “It can not 
be doubted that the Woronin hy|^ arises as a new formation in the 
noatrix, though its rise cannot be followed.” He states that the Woronin 
hyphg stains heavily, hets very delicate walls, and grows to several times 
its original size. For Xylaria, however, Blsch (l.c., p. 879) rejects Bre- 
feld’s assertion that the ascfi arise from the Worcuin hypha. 

Similar organisms (in which the archicarp merely pr^uces vegetative 
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growth) have been noted by several investigatoxB, Nichols in 1896 (16) 
on Hypocopra found this to be true. Blackman and Wolsford (8) in 
1912 found sexually non-^functional archicarps in Polystigma 
Jones in 1926 (15) noted a like situation in Ophicboltis graminiB, as did 
Cookson in 192& (17) on Melanospora zamiae. 

As development proceeds, the thin-walled cells forming the center of 
the perithedum begin to dismtegrate, and the cells of the outer layers 
become stouter, the outermost being darkly pigmented. In living 
material at this stage, many elliptical or roundish, thin-walled, appar- 
ently empty chains of cells can be seen, as Gilkinet (13) shows. These 
are probably nourishing cells, and are so delicate that they never keep 
their shape in fixed material. In sectioned perithecia these nourishing 
cells seem to be disintegrating progressively from the center to the out- 
side (figs. 10 and 12). 

Now the deeply staining hypha (or hyphae) in the center of the peri- 
thecium appears to be broken up into numerous cells. Though never 
more than one hypha was seen at one time in a perithecium, it would be 
hard to say whether one or more hyphae are involved in this pro- 
cedure because the resulting cells are so irregularly disposed (Figs. 9 
and 13), The cells roimd off and separate from one another in a fashion 
similar to that found in Xylaria by Brown (4) and in Ceratostomella by 
Andrus (2). These irregularly arranged, deeply staining cells make up 
the ascogenous hyphae. Some of the cells are uninucleate, many are 
binucleate, and a few have three nuclei. These nuclei, like those Jones 
(15) found in Ophioholus, show no internal detail. 

DEVELOPMENT OF THE ASCOGENOUS HYPHAE 

In Sordaria fimicola the paired nuclei fuse in the primary ascus cell 
(Figs. 13 and 14). The nuclei before fusion are considerably smaller 
than the fusion nucleus. Following fusion in the primary ascus cell, 
the ascus grows upward without forming the typical crosier, though 
occasionally regular ones are found (Figs. 11 and 15). This situation in 
Sordaria fimicola is substantiated by Faull (10) and is paralleled in 
OphioholuB graminis as described by Jones (15), who says that typical 
crosiers are sometimes formed and sometimes not. The same is true for 
Cordyceps agaridfiormia^ according to Jenkins (14). Cookson (7) on 
Melanaspora zamiae, Brown (4) on Xylaria, and Cayley (5) on Nectria 
gaUigena all describe the formation of asci from ascogenous cells without 
crosiers. 

Thus Sordaria fimicola is added to a growing list of species which 
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form aad Irena pardiy vepdative fayidute« • list wfaidi bi^aa with tlio 
study of Xylonid by Useh (11) hi 1882, sad which nowr iaehides members 
of the PseuekisiduierifteeM, Hypocrealea, Sordariaoeae, Ceratostomaoeae 
Qaenaoaiaoeae, Xjdariaaeae, aod Pesisaoeae. 

m 

STBoenTBB or ma rsansscnTii 

Alter the fusion of the nuclei in the asoogenous eells, the asd increase 
greatly in eiae and remain uninucleate until they have reached their 
lull growth. Meanwhile, the lasers of the perithecial wall have differ* 
entiated somewhat. The outermost layer, cme cell thick, is heavily 
jdgmented but fairly thin>walled. The layer next to the <Hitaide is 
several cells thick, and oemsiste of extremely thick-walled eeUs. Inside 
that, a few layers of thin-walled cells form the lining of the perithecium. 
At the top of the perithecium, opposite the orijm of the asci, the peri- 
Ihecial wall elongates, and the cells of the mner wall grow usually up- 
ward and outward, forming the periphyses, and making an opening, the 
ostiole, through what has by now become the neck. 

CTTOLOOT or THE A8CUS 

The young ascus is distinguished by a mass of darkly staining material 
in the tip, and by the large fusion nucleus (Fig. 18). The dark material 
is seen in even the smallest asci in which fusion has taken place, and re- 
mains until the formation of the ring in the tip of the mature ascus. 
The furion nucleus is relatively large, having a diameter half as great as 
the diameter of the ascus. It has a oonsincuous nucleolus surrounded 
by a clear area. Outside the membrane are aggregated some dark 
masses of material, not distinct, but somewhat granular in nature, 
which are sem only at this time. FauU (10) also observed this. The 
cytoplasm of the ascus is denser at this time than at any later time, but 
is characteristically vacuolate at the lower end. 

The first division in the ascus occurs with the spindle more or less 
parallel to the long axis of the ascus (Fig. 19). The chromosomes are 
too small and indistinct to be counted. The nucleolus remains at least 
through the metaphase as a large, distinct, dark body alongside the 
chromosegnes. 

Since there are comparatively few asd found between the time of the 
first mitosis and the delimitation of the spores, the remaining sta^ in 
ascus formation must pass rapidly. The nuclei resulting from the first 
division are smaller than the fusion nucleus, but still contain a promi- 
nent nucleolus, located in the. nucleus in such a way that each nucleus 
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aeeiBs to hav« a beak pointing away trom the otiier nucleiis (lig. 21). 
Hie second diviMon follows with its spindle also {wactically parallel to 
the lon|; axis c£ the asous (Fig. The divkdrai figure is essentially 
rimilar to the first, though smaller wd with less conspicuous nucleoli. 
In the four-nucleate stage, the nuclei are still smaller, but they retain 
the characteristic appearance, with a distinct nucleolus surrounded by 
the clear area. A chromatin network was seen in resting nucki only 
in the binucleate stage. At the end of the second division, the ascus 
has completed its cyt<^fia8mic development. The inner wall of the 
ascus is distinct, and the ring in the tip of the outer wall is complete 
(Fig. 28). 

The sinndles of the third mitosis lie somewhat transverse to the long 
axis of the asous (Hg. 24). They are long and quite slender, with still 
smidler nucleoli, and when complete, extend from side to mde of the 
ascus. When the nuclei are entirely separated, they send out beaks at 
the point of which are located the centrosomes. From these centro- 
Bomes radiate the astral rays that delimit the spores. There is still a 
nucleolus present on the nucleus (Fig. 26). The i^re membrane re- 
mains quite delicate until the nucleus has retreated from the wall and 
imdergone a last mitosis (Fig. 27) which leaves the fiiusbed spore binu- 
cleate (Fig. 28). 


STTBOIABT 

1. Sordaria fimicola (Bob.) Ces. and De Not. is a homothallic mem- 
ber of the coprophilous Spbaeriales, as indicated by cultures descended 
from single spores. 

2. The perithecial initial is a coiled, septate, terminal hypha, which 
becomes invested with twining vegetative hyidiae. There is no anthe- 
ridium. 

3. The original archicarp forms vegetative hyphae only. There arises 

de novo, a darkly staining hyphawhich appears to g^ve rise to a tangle of 
uninucleate and binucleate cells that round off, separate, and increase 
in sise. • 

4. The paired nuclei in these ascogenous cells fuse, and the cells 
proceed to ascus formation, sometimes with but usually without typical 
crosier formation. 

5. The observationB on the formation of the perithecial wall and neck 
agyee with timse of Wormun, GiUdnet, and Dangeard. 

6. Observations on the behavior of the nuclei in the ascus, and (Ai 
the formation of the ascosixaes agree with those of Fault 
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EXPLANATION OF PLATES 38 AND 39 

1. Germinating epore, X 1135. 

2. Arohicarp originating from several hyphae, still non-septate, X 1135. 

3. Archicarp originating as a side branch of a h 3 rpha, X 1135. 

4. Archicarp with septations, X 1135. 

6. Archicarp surrounded with vegetative hyphae, X 1126. 

6. Section through a young perithecial fundament showing homogeneous nature 

of the tissue, X 360. 

7. Section through a little older perithecial fundament showing beginning of 

differentiation, with darker staining hypha in the center, X 360. 

8. Portion from section of a still older perithecium. The dark cells form an 

ascogenous hypha, while the irregular cells are the disintegrating nourish- 
ing tissue, X 1135. 

0. Portion of section of perithecium only a little younger than that in Fig. 10. 
Binucleate cells (c), nourishing cells (n), and a fusion nucleus (f) are to 
be seen, X 1135. ^ 

10. Entire section through a young perithecium, showing disintegration of the 

central cells, thickening of the walls, and rise of the ascogenous hyphae 
from the base of the perithecium, X 360. 

11. Enlarged portion of Fig. 10, showing binucleate cells, nourishing cells (n), 

fusion nuclei (f), and a crosier (cr). The origin of the asci from the vege- 
tative cells can be traced, X 745. 

12. Section through an almost mature perithecium. The uninucleate asci are 

nearly full grown. The walls are complete and the neck is rapidly being 
formed, X 880. 

13. Ascogenous hyphae from a young perithecium. The asci are just being 

formed. Here are shown the binucleate cells (c), nuclei fusing (f), and 
the fusion nucleus (a) of the young ascus. 

14. Another example of the same stage. 

15. Early steps in crosier formation. 

16. Later stages in crosier formation. One nucleus of the primary ascus cell has 

presumably been cut away. 

17. An irregular crosier, in which one wall has not been laid down. 

18. Tip of young ascus with large fusion nucleus. 

19. Metaphase of first mitosis. 

20. Telophase of first mitosis. ^ 

21. Portion of a binucleate ascus, showing the nucleoli at opposite sides of the 

nuclei. 

22. Metaphase of the second mitosis. 

28. A quadrinucleate ascus. The double wall of the ascus is visible at the distal 
end. The thickening in the tip is the ring in the outer wall of the ascus. 

24. Telophase of the last mitosis. Only two of the mitoses are visible. 

25. Another example of the same stage, with astral rays apparent. * 

26. Spores being delimited on the astral rays from the oentrosomes of the beaked 

nuclei. 
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17. TlteUi^ioitQibocwftef 

28. SfMrai oompl^ for tike U;yhi^ 4owii of tto Imvy ooder WiiU. 

Fli». 1-17 wore ttekiedin Sid^bobiio^eiroii 8^^ O. 

Fige. 18-28 were tteiiied in iieemetoxyiin elone. All mefnifioetioitt on Flete 28 
mre X 2270, others ee indicated. 







OBSEBVATZOMB ON THE BEPBODUCTION OF ANCYL18TES* 

Bjr Hombk Buboait 

Two qwdoa of Anq/Udet, the type gmm of the order Ancyiistales, 
were found panuntuuag epeoies tA Cloderitm from a pool in Sparrow’s 
cow pasture, Chapel Hill, N. C., during the summer of 1037. One of 
these species, A. dottmi^ was originally reported and deseribed by 
Pfitso* in 1872. It has since been found by Oangeard, Sorokine, 
Wildeman, Constantineanu, Petersen, Schults>Dansig, and Yalkanov 
in Europe and Aria. The presence of this fungus in America has been 
noted in unpublished records of Harvey (Mississippi, 1924) and Couch 
(North Carolina, 1026, 1032, 1934). The second species. A, Pfeifferi, 
was discovered in Brasil and added by Beck in 1897 to the order An- 
cylistales established by Schrdter in that same year. This species was 
first seen by tire writer in Cloaterium aperies taken from a bog near 
London, Canada, in 1035. The presence of nine to ten blunt projections 
from the wall of the cell enclosing the sygote or resting-spore readily 
distinguiriies it from A. Chderii in which this cell is smooth-walled. 

As a result of a critical study of these two iQ>ecie8 from the Chapel 
Bill noaterial, undertaken at the University of North Carolina this 
summer, a paper, now in press, deals rrith the revisbn of the genus 
AncyUttes. The primary basis of the revision lies in the discovoy of 
asenial reproduction by conidia. Until now, AncyUttes has been sepa- 
rated from the other members of the order by its characteristic method 
of infecting by murow tubular, external hyphae rather than by soo- 
qxnes. It has now been found that these hyphae function as infection 
tubes only when they ate entirelb'’ submerge^ in water. Those which 
emerge from water into air function as conidiophores. The conidia 
resemble those of ConidicboluB sp. (Couch) both in structiue and 
forcilde mode of discharge. Germination may produce secondary 
conidia or germ tubes. The germ tubes may function directly as infec- 
tkm tubes or as conidioi^res as deseribed by Martin for Comdith 

*A fnllw treatmeBt with illustratioas sad bibliography will appear in kly- 
eologia in IMS. 
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bolut viUomu. Seocmdaiy ocmidia nmy form tartiary oonidia, be foi^ 
dUy ejecteyi, or germinate in situ by tube. 

Each external hypha, wbich is potential]^ ather an infection tube or 
a oonidiophoie, devdops from a abgle internal myodial segmmt. 
The whole protoplast of the intramatrioal segment passes out through 
the wall of the host cell into the external hypha and flows into Hs 
growing tip by progressive stages. According to conditions, this proto- 
I^ast evKitually becomes concentrated in a swollen end cell of the 
infection hj/pha attached to a new host as described by Pfitser and 
others, or in the conidium as observed by the writer. The cont^t of 
the conidiiun, upon germination by tube, collects in a similar swollen 
infection cell. From this attached end cell of the infection bypha or 
the germ tube penetration of the new CloMrium cell occurs iSy a flne, 
conical papilla. Once inside the host, the papilla elongates into a 
narrow^tube. Through this the protoplast of the infection cell flows 
rapidly to form an ovoid ball in the cytoplasm of the host. Ebngation 
into a continuous intramatrical hypha ensues. Later the hsrpha sep- 
tates, and at maturity all the cells become either external hyphae or 
gametang^. 

The thalli of both A. Closterii and A. Pfeifferi appear to be homo- 
thallic, conjugation being either lateral or scaLsiiform. This disagrees 
with previous accounts which claim heterothallism with an apprsdable 
difference in the diameter of the male and female filaments. Sexual 
reproduction appears to be mainly zygomycetous in character. The 
mature zygote or resting-spore, however, is seen to be retracted from 
the wall of the cell in which it is formed. This conforms to the view 
of Brefeld that sexual reproduction in Conidiobolus is intermediate 
between the true zygomycetous and oomycetous types. 

The discovery of forcibly ejected conidia and lateral conjugation 
seems to warrant a revinon of the genus Ancylistes and its removal from 
the Ancylistales to the Entomophthorales in a position near Cample^ 
toria complens Lohde. 

The writer is exceedingly grateful to Dr. J. N. Couch under whose 
supervision this work was carried on, and to Dr. W. C. Coker and 
the Department of Botany of the University of North Carolina for 
the laboratory privileges allowed her during its course. 

UimniBaiTT or Wasmir Omxabio, 

Lomxni^ Ontario, Canada. 






